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PREFACE 


This  document  is  intended  to  provide  users  of  the 
SEMREC3A  version  of  the  Soviet  postattack  economic 
recovery  model  with  the  information  required  to 
design,  run  and  to  some  extent  interpret  model 
simulations.  For  further  details  on  applications 
of  the  model  and  their  interpretation,  the  reader 
is  referred  to  a  second  SRI  International  technical 
note  describing  a  baseline  model  simulation 
together  with  two  variants.  The  SMREC3A  model, 
like  its  predecessors  was  developed  by  SRI 
International  for  the  Defense  Nuclear  Agency  under 
contract  DNA00I-79-C-O1O2.  Lt.  Col.  David  Thomas 
was  the  technical  monitor  and  provided  much 
valuable  assistance.  This  revised  user's  guide 
supercedes  all  previous  versions. 
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I  INTRODUCTION 


A.  Overview  of  the  Model 


SEMREC3A  is  a  simulation  model  designed  to  provide  a  total-system 
picture  of  the  functioning  of  a  potential  Soviet  postattack  economy.  It  is 
a  set  of  equations  which  describe  relationships,  behavioral,  technological 
or  institutional,  in  nature,  among  economic  variables.  In  many  cases,  the 
specification  of  these  relationships  and  the  estimation  of  their  parameters 
are  based  on  historical  data.  These  relationships  were  explored  in  the 
development  of  SOVMOD,  the  peacetime  econometric  model  of  the  USSR.  In 
other  cases,  peacetime  relationships  have  been  replaced  by  a  structure 
deemed  more  appropriate  for  a  recovery  environment  and  which  incorporates 
the  judgement  of  the  analyst  on  values  for  key  parameters.  The 
introduction  of  initial  conditions  for  recovery,  i.e.,  exogenously  given 
changes  in  capital  stocks  and  population,  is  also  provided  for. 

The  SEMREC3A  model  has  been  coded  for  use  with  the  TROLL  software 
system.  TROLL  (for  time-shared  reactive  on-line  laboratory)  is  a  set  of 
computer  programs  designed  for  research  in  economics  and  other  social 
sciences.  TROLL  has  capabilities  useful  for  building  and  simulating 
econometric  models.  It  is  maintained  by  the  MIT  Information  Processing 
Service  and  can  be  accessed  from  remote  terminals  on  a  time-shared  basis. 
The  entire  TROLL  software  can  also  be  installed  on  a  prospective  user's  own 
computer  system  if  it  has  appropriate  hardware  characteristics. 


*  Information  on  gaining  remote  access  to  the  TROLL  System  on  a  time- 
shared  basis  can  be  obtained  from  User  Accounts,  MIT  I.P.S.,  Room 
39-213,  60  Vassar  St.,  Cambridge,  Mass.  02139  (617)  253-4119; 
Information  on  purchasing  the  TROLL  package  can  be  obtained  from  Prof. 
Edwin  Kuh,  Department  of  Economics,  Massachusetts  Institute  of 
Technology,  Cambridge,  Mass.  02139 


Files  containing  the  model  equations,  values  for  constants  in  the 
equations,  and  required  data  have  been  created  and  stored  on  the  system. 
Using  the  appropriate  commands  in  the  TROLL  language,  data  can  be  edited 
and  assembled  and  key  parameters  can  be  set  for  a  TROLL  simulation  of  the 
SEMREC3A  model.  A  further  command  starts  the  simulation:  data  are 
compiled,  the  equations  are  analyzed,  and  a  computer  code  is  generated  to 
provide  a  solution  to  the  set  of  simultaneous  equations  for  each  period 
specified.  A  further  command  causes  the  solution  values  for  specific 
variables  to  be  displayed. 

B.  Purpose  and  Organization  of  the  Guide 

This  users'  guide  for  SEMREC  is  intended  to  supersede  the  initial 
users'  guides  produced  at  the  end  of  the  preceding  phases  of  SEMREC 
research.  The  revised  and  expanded  guide  is  intended  not  only  to  provide 
the  user  with  information  gained  from  verification  and  validation  of  SEMREC 
and  the  new  SEMREC 3A  models,  but  also  is  intended  to  fill  a  broader  purpose 
than  the  original  guide.  This  broader  purpose  is  to  provide  information  on 
the  modelling  project  and  model  application  useful  to  policy-oriented 
considerations,  and  research  design  efforts  which  might  incorporate  model 
application. 

Once  the  decision  is  made  to  explore  the  application  of  the  model  as 
part  of  the  accomplishment  of  a  research  group,  the  users'  guide  provides 
the  additional  information  required  for  structuring  the  model  applications, 
and  finally  using  the  software  system  to  generate  model  simulations.  This 
users'  guide  has  been  expanded  and  revised  as  model  research  and 
application  proceeded  in  order  to  accomodate  modifications  and  improvements 
in  model  structure  and  software. 

The  remainder  of  the  introductory  chapter  describes  the  major  factors 
in  the  conversion  of  the  peacetime  econometric  model  (SOVMOD)  to  an 
econometric  model  appropriate  for  the  analysis  of  the  recovery  environment. 
This  section  presents  the  essential  outline  of  the  modelling  effort  which 
has  resulted  in  the  current  SEMREC  model  and  the  choices  made  in  designing 
model  capabilities. 
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The  second  chapter  presents  a  more  complete  description  of  model 
capabilities  (and  limitation),  the  role  of  the  analyst  in  structuring  model 
application,  and  the  technical  issues  which  relate  to  the  interpretation  of 
model  output.  This  chapter,  proceeding  from  a  discussion  of  the  type  of 
Insights  to  be  derived  from  model  application,  is  designed  to  guide  the 
consideration  of  the  appropriateness  and  utility  of  SEMREC  in  the 
accomplishment  of  a  research  task. 

The  details  of  SEMREC  and  SOVMOD  structure  are  provided  in  Chapter 
III.  This  information  is  useful  for  an  understanding  of  the  models' 
assumptions  about  economic  processes  and  interpretation  of  model 
applications,  and  is  critical  for  the  analyst  who  will  structure  and 
execute  simulations.  The  structure  of  the  model  is  detailed  separately  by 
model  component  and  levers  for  analyst  intervention  are  identified  and 
elaborated. 

Chapter  4  represents  the  terminal  users'  guide  which  is  equivalent  to 
an  expanded  version  of  the  superseded  initial  users'  guide.  The  use  of  the 
software  system  to  structure,  execute,  and  present  output  of  model 
simulations  is  explained  in  detail.  The  use  of  individual  operational 
commands  appropriate  to  each  model  application  step  Is  presented.  The 
final  section  of  this  chapter  deals  with  common  errors  encountered  in  using 
the  software  and  suggested  corrective  measures. 

Documentation  of  the  SEMREC3A  model  is  provided  in  the  Appendices. 

Each  model  constitutes  a  set  of  symbol  declarations,  equations,  and  a 
coefficient  fils. 

It  is  suggested,  although  the  users'  guide  is  intended  to  be 
comprehensive  and  self  contained,  that  users  obtain  TROLL  manuals  from  the 
MIT  Information  Processing  Service.  These  manuals  will  provide  the  user 
with  additional  tools  for  running,  editing,  and  debugging  the  models. 
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It  is  important  to  note  at  the  outset  that  while  significant  progress 
has  been  made  in  supplying  a  useful  tool  for  analysis  of  potential  Soviet 
postattack  recovery,  many  opportunities  remain  for  improvement  of  the 
model's  capabilities.  Useful  insights  about  the  economic  dimension  of 
recovery,  which  is,  after  all,  a  political-military  and  economic 
phenomenon,  can  at  this  point  be  derived  from  analysis  via  the  SEMREC 
model. 

C.  Conversion  of  SOVMOD  to  SEMREC 


1.  General  Descriptions 

The  final  version  of  the  Phase  III  SRI-WEFA  Econometric  Model  was 
dubbed  S0VM0D3C.  It  is  a  large  model  with  about  280  equations.  A 
subsequent  model,  SOVMOD3D,  added  an  energy  component  with  detailed 
modelling  of  fuel  and  energy  consumption  in  the  economy.  Both  of  these 
models  are  best  suited  to  short-term  forecasting  and  scenario  analysis 
without  major  departures  from  historical  trends.  S0VM0D4  adds  to  this 
model  (S0VM0D3D)  a  disequilibrium  adjustment  mechanism.  The  result  is  more 
than  twice  the  number  of  equations  in  S0VM0D3C  and  a  model  better  suited  to 
long-term  forecasting  and  scenario  analysis.  The  adjustment  mechanism 
insures  that  solutions  are  limited  to  those  feasible  given  a  particular 
series  of  technology  matrices,  through  the  balancing  of  production  and  uses 
of  output. 


SEMREC1,  the  result  of  earlier  phases  of  the  research  reported  on 
here,  represents  a  modification  and  adaption  of  S0VM0D3C.  The  important 
changes  are  detailed  in  this  report.  Most  significantly,  the  projection  of 
adjustments  around  historical  trends  is  replaced,  in  many  cases,  by  a  set 
of  decision  rules  appropriate  to  a  recovering  Soviet  economy.  It  was 
discovered  in  the  earlier  phases  of  SEMREC  research,  that  the  mechanism 
which  would  provide  improved  long-term  forecasting  and  scenario  analysis 
capabilities  for  SOVMOD  was  critical  to  the  SEMREC  effort  as  well,  since 
significant  deviations  from  historical  patterns  must  be  carefully 
considered  from  the  point  of  view  of  technological  feasibility  (linkages 
between  sectoral  and  branch  production)  and  Impact  of  leadership  objectives 
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(linkages  between  production  and  final  uses  of  output).  Therefore  SEMREC3A 
incorporates  the  disequilibrium  adjustment  mechanism  and  the  energy 
component  with  the  basic  SEMREC  framework. 

2.  Characteristics  of  Enhanced  Command 

In  adapting  the  SOVMOD  peacetime  model  of  the  Soviet  economy  to 
reflect  the  relationships  to  be  expected  in  the  postattack  environment,  it 
was  necessary  to  replace  a  number  of  equations  with  postulated 
relationships  characterizing  enhanced  command — intervention  by  the  center 
in  allocation  decisions.  These  modifications  were  primarily  made  in  the 
mechanisms  for  allocation  of  labor  and  investment  and  the  determination  of 
consumption  and  foreign  trade.  Detailed  discussion  of  the  specifications 
of  model  blocks  is  presented  in  Chapter  III. 

In  SOVMOD,  allocation  of  labor  among  sectors  of  the  economy  and 
branches  of  industry  is  modelled  and  depends  primarily  on  past  patterns  of 
allocation  and  on  growth  rates  of  investment  categories.  In  SEMREC,  labor 
is  allocated  by  labor  demand  functions.  These  functions  calculate  the 
labor  input  required  to  produce  the  output  for  a  sector  or  branch 
determined  by  the  balancing  and  adjustment  mechanism,  given  material  inputs 
and  capital  stock.  These  individual  labor  demands  are  then  scaled  by  a 
factor  to  insure  that  total  labor  allocated  equals  total  labor  available. 

Investment  allocation  in  SOVMOD  is  accomplished  via  several 
alternate  methods.  In  the  first  alternative,  investment  is  allocated  among 
sectors  and  branches  by  exogenously  determined  shares,  while  total 
nonagricultural  investment  depends  on  gross  profits,  defense  expenditures, 
and  timing  within  the  five-year  plan  cycle.  In  the  other  alternative, 
investment  is  determined  by  gross  profits,  defense  expenditures,  lagged 
growth  rates  of  investment,  and  financing  of  centralized  investment  in  the 
state  budget. 


For  SEMREC,  the  first  alternative  for  investment  allocation  was 
chosen.  That  is,  investment  shares  are  set  exogenously,  diverging  from 
historical  patterns  to  reflect  changes  in  central  priorities.  Initial 
targets  for  total  investment  are  determined  via  a  set  of  functions  which 
appropriately  modify  peacetime  trends  guided  by  analyst  levers.  These 
targets  enter  into  the  balancing  system  and  are  adjusted  to  insure  balance 
between  sources  and  uses  ,of  investment  goods. 

Consumption  in  SOVMOD  also  is  represented  by  alternative  sets  of 
equations.  In  one  alternative,  total  consumption  is  a  residual  end-use 
category  and  shares  of  each  form  of  consumption  (food,  non-durables, 
durables,  and  services)  are  modelled  on  past  patterns,  relative  prices  etc. 
In  the  two  other  alternatives,  consumption  functions  either  determine  total 
consumption  and  shares  are  modelled  as  above,  or  they  determine  each 
individual  component  of  consumption  directly. 

In  SEMREC 3  consumption  targets  are  set  as  an  analyst  determined 
fraction  of  preattack  per  capita  consumption  multiplied  by  the  population. 
There  is  provision  for  targets  to  grow  over  time  on  a  per  capita  basis. 
These  targets  for  consumption  categories  are  then  adjusted  to  ensure 
balance  of  inputs  and  end-uses. 

The  treatment  of  foreign  trade  also  differs  from  SOVMOD  to 
SEMREC.  While  it  was  considered  important  to  treat  the  impact  of  possible 
external  economic  flows  on  the  domestic  economy  in  postattack  recovery,  it 
was  deemed  inappropriate  to  model  foreign  trade  activity  as  is  done  in 
SOVMOD.  In  the  peacetime  model  exports  are  determined  separately  according 
to  commodity  group  and  destination  (developed  West,  LDC's,  etc.)  and  depend 
on  production  levels,  population  growth,  hard  currency  requirements,  world 
trade  activity,  etc.  Imports  are  similarly  disaggregated  and  are  a 
function  of  exports,  lagged  exports,  consumption,  etc.  It  is  not 
reasonable  to  assume  that  in  the  postattack  period  these  sorts  of 
relationships  would  continue  to  hold.  External  economic  relations  would  be 
closely  managed  by  the  leadership.  Therefore,  in  SEMREC3,  initial  foreign 
trade  flows  are  determined  by  target  functions  guided  by  analyst  levers, 
which  then  enter  the  balancing  mechanism  (see  Chapter  III,  Section  K). 
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3.  Features  of  the  Dynamic  Adjustment  Mechanism 

In  S0VM0D3D  (a  recent  version  of  the  peacetime  model)  industrial 
branch  outputs  are  solely  determined  by  a  set  of  production  functions 
relating  output  to  primary  factor  inputs.  Because  production  levels  grow 
at  a  moderate  rate  from  historically  achieved  levels  (i.e.,  there  is  no 
major  divergence  from  historical  patterns)  there  is  no  need  for  explicit 
balancing  of  outputs  and  uses  of  industrial  production.  In  SEMREC3, 
however,  the  initial  conditions  for  a  simulation  may  well  result  in 
production  levels  (determined  by  traditional  production  functions)  for 
individual  sectors  inconsistent  with  a  balance  of  supply  and  demand  for 
output  of  each  branch.  Therefore  a  mechanism  had  to  be  devised  which  would 
check  these  balances  and  adjust  output  levels  and  end  uses  to  assure 
balance  in  regard  to  production,  interindustry  use  and  final  demand. 

Adding  the  balancing/adjustment  mechanisms  may  affect  simulation 
values  for  some  branches  of  industrial  production,  i.e.,  adjust  output  from 
the  level  given  by  the  three-factor  (capital,  labor,  and  materials) 
production  function.  It  is  necessary,  as  well,  to  insure  that  the 
adjustment  process  does  not  result  in  unrealistically  wide  fluctuation 
between  simulations  as  a  result  of  small  changes  in  exogenous  variables 
(initial  conditions,  etc.)  and  that  changes  in  production  levels  would 
follow  a  pattern  consistent  with  leadership  priorities  across  branches. 
Several  alternative  mechanisms,  including  a  linear  programming  approach, 
were  considered  for  the  model.  Because  of  the  sire  and  complexity  of  the 
task  and  the  need  to  consider  alternative  approaches,  the  balancing/ 
adjustment  component  was  deferred  to  the  second  and  third  phases  of  SEMREC 
research  and  is  currently  complete. 

The  alternative  incorporated  into  SEMREC  is  a  disequilibrium 
adjustment  mechanism.  In  response  to  the  imposition  of  consistency 
constraints  (supply  constraints),  variables  (outputs  and  end-uses)  are 
adjusted  to  minimize  a  quadratic  "cost  function"  which  provides  for  smooth 
adjustments  and  reflects  industrial  branch  priorities.  A  series  of 
balances  for  branches  of  Industry  subtracts  interindustry  uses 
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(calculated  on  the  basis  of  input-output  coefficients)  and  final  uses  from 
imports  and  gross  output,  as  estimated  in  the  production  functions. 
Disequilibria  then  result  in  adjustments  to  estimated  output  values  and 
end-uses  to  ensure  consistency.  It  may  be  expected  that  this  imposition  of 
supply  constraints  will  result  in  slower  rates  of  recovery  than  indicated 
by  simulations  of  the  first-phase  model. 

4.  Levers  for  Analyst  Intervention 

The  SEMREC  model,  in  describing  the  postattack  economic 
environment,  is  based,  in  many  aspects,  on  assumptions  about  leadership 
policies.  These  policy  guidelines,  for  instance,  relate  to  such  questions 
as  the  length  of  the  work  week,  maximum  per  capita  levels  of  consumption, 
final  deliveries  to  defense  end-uses,  etc.  In  the  peacetime  model,  these 
variables  are  implicit  in  the  parameters  of  the  equations,  are  exogenously 
set  based  on  policy  pronouncements,  or  involve  the  use  of  dummy  variables 
to  reflect  changes  in  policy  during  specific  periods. 

In  SEMREC,  however,  assumptions  about  the  postattack  economic 
environment  are  incorporated  in  simulations  via  specific  levers  that  can  be 
set  by  the  analyst.  Primary  among  these  levers  are  the  priorities  assigned 
to  branches  and  sectors  in  the  balancing  of  material  inputs.  These 
priority  numbers  are  assigned  on  the  basis  of  the  importance  of  the  output 
of  the  branch  or  end-use  in  achieving  the  hypothesized  sets  of  leadership 
objectives.  Thus,  if  the  expansion  of  the  stock  of  military  durables  is  a 
key  leadership  objective  in  recovery,  the  priority  numbers  assigned  to  the 
machinebuilding  and  metalworking  branch  may  be  twice  that  assigned  to  the 
construction  materials  branch  (it  is  the  relative  size  and  not  the  absolute 
magnitude  of  the  number  that  is  important  in  SEMREC).  These  priorities 
minimize  adjustments  to  relatively  highly  weighted  targets  for  outputs  and 
end-uses. 
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In  Che  determination  of  consumption,  the  analyst  sets  target  per 
capita  levels  of  consumption  in  four  categories.  If,  for  example,  it  was 
assumed  that  the  effectiveness  of  political  control  in  the  postattack 
period  was  insufficient  to  secure  necessary  labor  inputs  at  low  levels  of 
consumption,  the  analyst  would  adjust  the  minimum  and  maximum  upward  to 
provide  increased  labor  incentives.  The  length  of  the  work  week  (labor 
Inputs  are  measured  in  man-hours)  and  the  participation  rate  (ratio  of 
labor  force  to  able-bodied  population)  can  also  be  adjusted  by  the  analyst 
to  represent  changes  in  labor  discipline. 

These  and  other  analyst  levers,  detailed  in  the  section  below  on 
model  structure,  were  incorporated  into  SEMREC  both  to  replace  peacetime 
mechanisms  of  SOVMOD  inappropriate  to  recovery  and  to  provide  the  user 
with  the  ability  to  examine  the  total  system  impact  of  varying  assumptions 
about  the  postattack  economic  environment.  In  conducting  model 
experiments,  variations  in  key  analyst  levers  have  proved  as  Important  as 
moderate  chances  in  initial  conditions. 


II  USES  AND  LIMITATIONS  OF  SEMREC 


A.  Nature  of  Insights  to  be  Derived  from  Model  Application 

The  SEMREC  model  Is  designed  to  provide  a  total-system  picture  of 
potential  Soviet  postattapk  recovery.  The  recovery  paths  produced  by 
simulations  will  differ  widely,  depending  on  assumptions  made  about  the 
recovery  environment.  Our  knowledge  about  the  actual  environment  that 
might  pertain  to  the  recovery  period  is  necessarily  limited  to  a 
hypothesized  range  of  controlling  assumptions  derived  from  peacetime 
experience,  historical  recovery  periods  (i.e.,  post  World  War  II),  and 
expert  opinion  of  economists  in  regard  to  potential  variation  in  these 
parameters.  Beyond  these  initial  guesses,  for  example,  about  the  maximum 
share  of  investment  in  industry  that  might  be  directed  to  the 
machine-building  sector,  model  simulations,  giving  total  system  responses 
to  changes  in  these  assumptions,  provide  inputs  for  setting  feasible  bounds 
on  their  variation.  This  same  combination  of  expert  opinion  and  simulation 
experiment  is  required  to  establish  the  range  of  initial  conditions  which 
the  model  can  be  expected  to  handle  and  still  give  believable  results.  The 
primary  question,  then,  which  SEMREC  is  designed  to  answer  is,  how  much 
difference  in  the  speed  and  profile  of  recovery  is  made  by  a  change  in  the 
recovery  objective,  controlling  assumptions,  or  initial  conditions. 

The  detailed  nature  of  the  formulation  of  a  simulation  are  discussed 
in  the  following  section.  Initial  conditions  relate  to  the  reduction  in 
capital  stock  and  labor  force  resulting  from  the  attack  and  pertaining  at 
the  start  of  the  recovery  phase,  following  a  survival  and  reconstitution 
period  (12  to  24  months).  Recovery  objectives  and  controlling  assumptions 
are  reflected  in  the  model  specification  and,  in  many  cases,  by  explicitly 
designated  levers  for  analyst  intervention.  The  specification  of 
allocation  mechanisms  reflecting  recovery  environments  to  replace  peacetime 
relationships  was  one  of  the  major  design  tasks  in  creating  SEMREC  from  the 
SOVMOD  framework. 
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The  output  of  a  model  simulation  consists  of  annual  values  over  the 
simulation  period  (now  a  maximum  of  ten  years)  for  the  endogenous  variables 
and  definitions.  These  include  aggregates,  such  as  GNP,  industrial  output, 
consumption,  etc.,  as  well  as  outputs  of  economic  sectors  and  industrial 
branches  (there  are  six  sectors  of  the  economy,  one  of  which  is  industry, 
which  is  further  disaggregated  into  twelve  branches).  The  TROLL  software 
package  permits  results  of  alternative  simulations  to  be  displayed  in  a 
number  of  formats  for  comparative  purposes.  Thus  the  divergence  of 
variants  from  a  baseline  simulation  can  be  readily  examined  for  impact  on 
total  system  performance  and  key  subcomponents  of  interest. 


It  seems  useful  to  provide  here  some  illustrative  questions  that  might 
be  asked  by  the  analyst ,  to  be  answered  via  simulations  of  SEMREC  with 
alternative  sets  of  assumptions  or  Initial  conditions.  These  are  by  no 
means  exhaustive: 


o  What  effect  on  the  rate  of  recovery  of  industrial 

production  would  be  produced  by  a  significant  increase 
in  the  share  of  investment  allocated  to  industry? 

o  Assuming  identical  patterns  of  damage,  but  a  15% 
increase  in  the  general  level  of  damage  to  the 
Industrial  capital  stock,  after  five  years  of  recovery 
what  is  the  difference  in  the  level  of  output  of  the 
machinebuilding  and  metal  working  sector  (critical  for 
both  military  and  investment  goods)? 

o  Relative  to  no  external  economic  flows,  what  would  a 
level  of  imports  of  75%  of  pre-war  CMEA,  50%  LDC,  15% 
Developed  West  mean  in  terms  of  output  of  heavy 
industrial  sectors?  Light  industry?  Consumption 
levels? 

o  Does  a  reduction  in  damage  to  ferrous  metallurgy  and  a 
concomitant  increase  in  damage  to  petroleum  products 
retard  recovery? 

o  Does  an  extension-  of  the  work  week  matched  by  an 

increase  in  target  per  capita  consumption  result  in  a 
more  rapid  recovery? 


B.  Structuring  Model  Applications 

1.  Initial  Conditions 

While  the  initial  conditions  for  the  recovery  process  really 
encompass  a  broad  range  of  environmental  descriptors,  precise  quantifi¬ 
cation  of  two  sets  of  initial  conditions  are  required  in  running  a 
simulation  of  the  SEMREC  model.  The  first  set  specifies  population  losses, 
the  second  represents  reduction  in  the  capital  stock.  Initial  conditions 
are  introduced  into  the  model  via  the  use  of  archived  data,  which  is 
explained  in  the  terminal  users'  section  of  this  guide.  For  guidance  in 
setting  such  conditions,  see  SEMREC3A:  Baseline  Soviet  Recovery  Case  CEPR 
TN-8I56-2. 


Able-bodied  population  is  used  in  SEMREC  to  determine  total 
available  labor  force  (it  is  multiplied  by  an  exogenously  given 
participation  rate — the  1975  value  has  been  the  usual  assumption).  The 
able-bodied  population  over  the  ten-year  recovery  period  is  hypothesized  by 
the  analyst  and  thus  the  population  initial  conditions  are  set.  Model 
scenarios  have  been  run  with  population  reduction  of  16,  24,  and  31 
percent.  These  three  levels  were  intended  to  represent  alternate 
assumptions  about  the  effectiveness  of  Soviet  civil  defense  in  population 
protection,  rather  than  a  result  of  alternative  targeting  or  intensity  of 
damage  to  populated  areas.  The  peacetime  model  uses  demographic 
projections  for  the  USSR  prepared  by  U.S,  experts.  In  SEMREC,  however,  the 
analyst  determines  population  growth.  A  baseline  assumption  has  been  that 
in  the  first  five  years  of  recovery,  the  birth  rate  is  completely  offset  by 
delayed  fatalities  and  the  population  does  not  grow.  Population  growth  is 
assumed  to  be  2%  per  annum  in  the  next  five  years.  At  this  stage  of 
investigation,  it  would  appear  that  the  model  can  accept  levels  of 
population  reduction  anywhere  in  the  range  of  interest  indicated  in  recent 
literature.  While  preattack  urban/rural  population  distribution  would 
figure  in  estimating  population  reduction,  SEMREC  endogenously  determines 
this  distribution  postattack,  based  on  agricultural  employment. 

The  specification  of  Initial  conditions  with  respect  to  damage  to 

the  capital  stock  requires  the  provision  to  the  model  of  values  for 

percentage  reduction  in  capital  stock  in  the  initial  year  of  recovery  for 
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each  of  the  sectors  of  the  economy  and  branches  of  industry.  Simulations 
have  been  performed  with  levels  of  damage  to  the  industrial  capital  stock 
ranging  from  10  percent  of  the  preattack  stock  to  50  percent.  It  will  be 
further  explained,  in  the  section  on  model  limitations  below,  that  50 
percent  reduction  in  industrial  capital  stock  is  about  the  maximum  that  the 
model  should  be  asked  to  handle,  i.e.,  above  this  level  of  damage  many  of 
the  relationships  specified  in  the  model  could  be  expected  to  break  down; 
either  the  model  might  not  be  solvable  or  simulations  with  undue  levels  of 
damage  might  be  unrealistic.  This  figure  was  obtained  by  looking  at  the 
structure  of  branch  and  sectoral  capital  stocks  and  aggregating  maximum 
damage  levels  across  them. 

The  reductions  are  not  specified  as  uniform  across  branches  and 
sectors.  They  have  been  distributed  in  a  manner  deemed  concomitant  with 
vulnerability  and  targetting  priority  hypotheses.  Maximum  levels  of  damage 
were  deemed  to  vary  from  20  percent  in  the  cases  of  processed  foods,  forest 
products,  soft  goods,  and  coal  products  to  80  percent  in  the  case  of 
ferrous  metallurgy.  Damage  levels  for  sectors  other  than  industry  are 
typically  assumed  to  be  a  maximum  of  20  to  30  percent.  In  addition,  the 
ability  of  the  software  to  solve  the  model  in  the  face  of  extreme  imbalance 
in  surviving  capital  stock  may  be  a  limiting  factor  in  specifying  initial 
conditions.  Such  an  imbalance  could  either  prevent  the  model  from 
converging  to  a  solution  or  provide  a  solution  that  gives  much  lower  levels 
of  output  than  might  be  expected  given  the  ability  to  substitute  the 
bottleneck  material  inputs.  The  model  should  not  be  viewed  as  a  black  box 
by  which  specified  initial  conditions  are  transformed  to  a  unique  recovery 
path.  It  is  rather  a  complex  tool  by  which  an  analyst  can  observe  the 
impact  of  various  key  parameters,  including  initial  conditions,  on 
potential  recovery  paths. 


2.  Recovery  Objectives  and  Controlling  Assumptions 

Recovery  objectives  and  controlling  assumptions  about  economic 
decisionmaking  postattack  play  a  major  role  in  influencing  model  solutions 
These  objectives  and  assumptions  are  incorporated  in  the  model  simulation 
through  the  setting  of  analyst  levers.  While  the  initial  conditions,  in  a 


sense,  when  coupled  wich  Che  model,  sketch  out  a  frontier  of  production 
possibilities,  the  priorities,  shares,  etc.,  guide  the  model  in  choosing  a 
product  mix  on  (or  possibly  within)  that  frontier.  In  addition,  through 
investment  allocation  and  end-use  share  determination,  the  dynamic 
evolution  of  the  frontier  is  determined.  While  a  dynamic  adjustment 
leadership  decision  system,  which  remains  to  be  added  to  the  model,  would 
furnish  an  automatic  correlation  of  objectives,  performance  and  allocation 
decisions,  the  existing  framework  of  analyst  levers  in  SEMREC  does  give  the 
user  the  opportunity  to  vary  centralized  decisionmaking  behavior  by  setting 
targets  that  would  be  examined  by  the  leadership. 

An  initial  set  of  alternative  recovery  objectives  might  include: 

o  Restore  the  economy  along  preattack  lines  wherever 
possible — maintain  an  emphasis  on  heavy  industry. 

o  Restore  all  branches  of  the  economy  in  a  balanced 
manner  with  increased  priority  over  preattack  for 
consumer  sectors  to  generate  goods  for  labor 
incentive. 

o  Restore  war-supporting  industry,  neglecting  even 
the  category  of  heavy  industry  not  directly 
related  to  defense  production. 

These  alternatives  would  not  only  relate  to  branch  and  sectoral 
priorities  and  investment  shares  but  to  other  analyst  levels  relating  to 
the  economic  environment  —  labor  participation,  work  week,  consumption 
targets,  etc. 

3.  Analyst  Intervention 


The  analyst  intervenes  in  the  model  solution  by  setting  values 
exogenously  for  key  parameters  or  levers,  or  in  some  cases  by  altering  the 
model  specification.  The  analyst  may  intervene  to  create  a  coherent 
picture  of  a  particular  environment  (set  of  recovery  objectives  and 
controlling  assumptions)  or  to  change  one  particular  aspect  of  the 
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environment  and  determine  the  impact  on  model  performance.  By  means  of 
model  applications  with  alternative  environments  and  exploring  a  spectrum 
of  values  for  individual  levers,  the  reasonable  bounds  to  the  variation  of 
the  values  of  those  levers  is  established.  The  decision  on  the 
reasonableness  of  a  solution  is,  of  course,  a  matter  of  expert  judgement  on 
the  part  of  an  economist.  The  technical  note  on  the  analysis  of  a  base 
case  with  SEMREC3A,  also  a  product  of  this  research  contract,  provides 
guidance  to  the  analyst  on  interpreting  model  solutions. 

Examples  of  the  sorts  of  analyst  intervention  are  useful.  In  the 
first  example,  the  analyst  sets  a  series  of  parameters  and  exogenous 
variables  in  order  to  create  a  coherent  picture  of  postattack  environment — 
in  this  case,  one  in  which  the  political  leadership  does  not  have  the 
control  over  the  population  (or  finds  it  too  costly)  to  enforce  the  degree 
of  labor  discipline  one  might  expect  in  an  emergency.  This  is  one  of  the 
recovery  environments  under  which  model  simulations  have  already  been 
performed.  To  supply  the  features  of  this  environment,  the  analyst: 

o  decreases  the  level  of  labor  force  participation 
(the  workers  may  not  be  idle,  but  working  at 
activities  deemed  undesirable) 

o  increases  the  share  of  investment  in  industry 
devoted  to  branches  producing  consumer  goods 

o  increases  the  targets  for  consumption  in  each  of 
the  four  categories 

o  if  foreign  trade  is  conducted,  increases  targets 
for  trade  flows  including  imports  of  consumer 
goods. 

In  initial  simulations  of  the  model,  the  assumption  of  this 
diminished  political  control  variant  had  a  similar  impact  on  output  of 
heavy  industrial  branches  (relative  to  the  baseline  variant)  to  the  impact 
of  initial  conditions  with  significantly  greater  damage  to  the  industrial 
capital  stock. 


19 


For  che  second  example,  assume  the  baseline  variant  with  balanced 
priorities  and  Investment  shares  based  on  the  historical  pattern  (which 
already  entails  emphasis  on  heavy  industry).  The  analyst  may  intervene  In 
the  simulation  to  introduce  a  higher  share  of  output  of  the  machinebuilding 
branch  to  be  devoted  to  military  durables  procurement.  Since  the  balance 
for  available  investment  goods  includes  a  direct  tradeoff  between  available 
producer  durables  and  military  procurement,  the  model  solution  will  reflect 
downward  adjustment  investment  and/or  positive  adjustment  to  MBMW  output. 
This  represents  the  second  type  of  intervention  in  which  the  impact  of 
varying  one  controlling  assumption  on  economic  performance  is  examined. 

C.  Interpretation  of  Results  for  Strategic  Planning 

It  has  been  noted  above  that  while  SOVMOD  was  developed  as  a  tool  for 
forecasting  as  well  as  analyzing  the  performance  of  the  Soviet  economy, 
SEMREC  simulations  of  potential  Soviet  postattack  recovery  would  require 
careful  interpretation,  even  if  the  initial  conditions  in  model  simulation 
corresponded  to  a  real  situation  in  all  significant  details.1  It  is 
necessary,  then  to  state  what  the  strategic  planner  can  expect  to  learn 
from  analysis  via  the  SEMREC  model. 

The  quantitative  measures  of  economic  performance  in  recovery 

provided  by  a  simulation  of  the  model,  in  turn,  require  interpretation  for 
the  planner  if  implications  are  to  be  drawn  for  comparative  purposes, 
whether  for  comparison  of  alternative  outcomes  for  the  Soviet  Union  or  for 
consideration  of  the  outcome  relative  to  the  postattack  U.S.  economy. 


It  should  also  be  noted  that  the  SEMREC  specification  does  incorporate 
much  of  the  peacetime  structure  of  the  Soviet  economy  and  many  of  the 
relationships  are  estimated  with  peacetime  historical  data  (production 
functions,  input-output  relations,  etc.).  The  appropriateness  of  these 
relationships  to  a  recovery  environment  need  also  to  be  considered  by 
the  model  user. 
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National  power  and  US-USSR  competition  in  the  current  environment  cannot  be 
reckoned  from  economic  performance  alone,  but  include  military  and 
political  dimensions  as  well.  The  essence  of  an  overall  assessment  by  the 
political  leadership  of  the  state  of  the  national  economy,  then,  must  be 
the  ability  of  the  nation  to  achieve  leadership  objectives  in  the  military, 
political,  and  economic  spheres.  Hypotheses  about  Soviet  leadership 
objectives  postattack,  beyond  those  incorporated  in  the  model  simulation, 
must  be  contingent  on  assumptions  about  war  outcomes,  military,  economic, 
and  political  conditions  among  former  and  present  adversaries  and  allies, 
and  domestic  political  status.  The  modeling  approach  in  the  SEMREC 
project,  while  not  ignoring  the  importance  of  these  broader  environmental 
considerations,  intentionally  avoided  typing  model  specifications  to  a 
particular  alternative  or  set  of  alternatives  for  the  broad  context  of 
postattack  objectives  and  decisionmaking. 

The  planner-analyst  examines  a  set  of  assumptions  about  key  parameters 
for  Impact  on  economic  performance  and  then  selects  values  concomitant  with 
hypothesized  objectives.  Or,  alternately,  when  the  impact  of  varying  sets 
of  initial  conditions  is  examined,  their  impact  is  assessed  across  changing 
sets  of  leadership  objectives.  In  either  process,  economic  performance,  in 
terms  of  macroeconomic  aggregates — end-uses  of  GNP,  branch  and  sectoral 
outputs— must  be  evaluated  from  the  point  of  view  of  national  capabilities. 
While  this  interpretation  might  be  aided  by  increased  scope  of  modelling 
(e.g.,  translation  of  military  capabilities  into  requirements  for 
deliveries  from  the  industrial  sector  and  categories  of  defense 
expenditures),  such  capabilities  were  beyond  the  current  scope  of  the 
research  undertaken. 

D.  Model  Limitations 


1.  Application  Areas 

SEMREC,  first  of  all,  requires  the  analyst  to  make  explicit  his 
assumptions  about  key  parameters  of  a  potential  postattack  environment. 
These  assumptions  undelle  not  only  model  performance  but  more  important, 
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they  are  used  by  the  planner  In  converting  strategic  guidance  into 
operational  considerations  and  eventually  critical  decisions.  The  model 
serves  as  a  framework  to  incorporate  the  assumptions  about  the  postattack 
economy,  in  a  consistent  manner,  to  determine  their  implication  for 
economic  performance,  and  to  provide  a  quantitative  dimension  to  an 
analysis  of  the  impact  of  the  strategic  planner's  decisions  on  economic 
performance  under  alternative  sets  of  assumptions. 

Design  considerations  and  the  results  of  model  experiments 
indicate  that  SEMREC  is  a  useful  tool  for  analysis  with  initial  conditions 
in  the  moderate  damage  range.  This  range  has  been  determined  to  be  0  to  50 
percent  reduction  in  industrial  capital  stock.  The  latter  figure  was 
calculated  by  aggregating  the  maximum  damage  levels  for  individual 
branches.  By  considering  the  capital  structure  of  each  branch,  the 
vulnerability  of  that  capital,  and  the  point  at  which  assumed  economic 
relationships  would  break  down,  these  individual  figures  were  determined. 
They  will  be  discussed  in  the  initial  conditions  section  of  the  following 
chapter  on  model  structure.  Only  three  variants  of  the  profile  of  damage 
across  branches  and  sectors  have  been  examined,  i.e.,  in  most  cases,  when 
the  level  of  damage  has  been  varied,  relative  shares  of  reduction  by  branch 
’  ave  been  kept  constant.  The  non-proportional  variants  have  included 
greater  relative  reduction  in  the  capital  stock  of  war-supporting  branches 
(machine building,  chemicals,  and  metallurgy)  and  increased  damage  to 
non-industrial  sectors. 

Limitations  on  the  degree  of  imbalance  in  surviving  capital  stock 
among  sectors  and  branches  may  be  imposed  by  the  balancing  system,  in  which 
solutions  would  be  implausibly  low  or  the  model  would  not  converge  to  a 
solution.  The  introduction  of  slack  into  the  material  balances  or 
relaxation  of  balancing  for  non-essential  inputs  to  reflect  substitut¬ 
ability  among  material  inputs  may  be  required  to  furnish  an  acceptable 
solution. 
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The  Initial  conditions  for  population  have  been  varied  from  about 
10  to  35%  reduction  of  total  population.  It  would  seem  that  this  is  an 
acceptable  range  for  SEMREC  analysis  and  is  concomitant  with  reduction 
levels  considered  in  recent  interagency  studies. 

2.  Technical  Areas 

The  first  technical  area  relates  to  the  production  functions.  In 
SEMREC,  these  are  Cobb-Douglas  in  log  form.  The  choice  of  an  appropriate 
form  for  production  functions  for  Soviet  industrial  branches  is  currently  a 
point  of  divergence  of  opinion  in  the  literature.  Cobb-Douglas  production 
functions  have  performed  the  most  satisfactorily  in  S0VM0D  and  thus  were 
used  in  SEMREC.  This  form  of  production  function  sets  the  elasticity  of 
factor  substitution  at  unity  (see  appendix  to  this  chapter  for  the 
presentation  of  this  result).  In  essence,  this  formulation  means  that 
capital  and  labor  are  more  readily  substitutable  than  if  a  lower  elasticity 
of  substitution  were  specified  (e.g.,  with  a  constant  or  variable 
elasticity  of  substitution  function).  Thus,  output  response  to 
labor/capital  imbalance  is  more  optimistic  in  terms  of  output  than  possibly 
is  justifiable  in  the  Soviet  case,  and  most  probably  in  Soviet  postattack 
recovery. 


A  number  of  other  technical  issues  relate  to  the  interpretation 
of  output  response  to  reduction  in  capital  and  labor  inputs  in  the  model. 
Labor  inputs  are  currently  undifferentiated  by  skill  levels  and 
differential  productivity  fo  varying  labor  qualities  may  prove  important, 
particularly  if  population  reduction  is  not  constant  across  skill  levels 
(e.g.,  only  about  20%  of  rural  workers  possess  urban  labor  skills). 
Similarly  the  capital  stock  is  undifferentiated.  It  is  likely  that 
surviving  capital  may  be  more  concentrated  at  small-scale  facilities 
postatttack,  and  small-scale  production  technology  differs  significantly 
from  large-scale  facilities  which  are  also  likely  the  most  up-to-date. 
Lastly  in  this  category,  no  provision  is  made  for  the  evolution  of 
technology  over  the  recovery  period. 
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The  balancing  mechanism  assumes  no  substltubillty  in  production 
between  outputs  of  different  branches  of  industry.  Different  outputs  of 
the  same  branch  are  treated  as  a  homogenous  material .  Since  some 
assumptions  of  this  nature  must  be  made  (i.e.,  a  level  of  disaggregation 
chosen  between  one  homogenous  material  input  and  the  full  range  of 
differentiation  of  inputs  to  production),  it  is  hoped  that  at  this  level  of 
disaggregation  the  effects  tends  to  cancel  out. 

Two  other  aspects  of  the  balancing  and  adjustment  mechanism 
should  be  included  in  this  discussion.  The  final  demand  relationships, 
that  is,  the  relation  of  levels  of  individual  categories  of  final  demand  to 
final  deliveries  of  each  of  the  branches  and  sectors  to  those  end-uses, 
must  be  regarded  as  first  approximations.  These  relationships  are  used  in 
the  model  to  enter  final  uses  of  output  into  the  balances  based  on 
endogenously  and  exogenously  determined  levels  of  GNP  end-use  (consumption, 
investment,  defense  expenditures,  etc.).  These  approximations  were  made  on 
the  basis  of  Western  reconstructions  of  Soviet  1-0  data  for  a  base  year. 

To  establish  dynamic  patterns  for  final  demand  coefficients  would  require  a 
significant  research  effort  although  such  information  would  be  valuable  for 
a  broad  range  of  analysis.  The  impact  on  the  functioning  of  the  balancing 
system  on  output  levels  due  to  revised  estimates  of  final  demand 
relationships  cannot  be  foreseen  now. 

Second,  the  balancing  and  adjustment  mechanism  is  not  now 
integrated  with  the  investment  allocation  mechanism  in  the  model.  In  order 
to  break  critical  bottlenecks,  investment  shares  must  be  reset  by  the 
analyst  after  observing  the  impact  of  balancing  on  outputs.  Investment,  of 
course,  cannot  break  a  bottleneck  via  reallocation  of  a  given  level  in  the 
current  period,  since  the  capital  stock  is  augmented  only  in  the  periods 
following  the  investment,  but  bottlenecks  should  be  considered  in 
formulating  investment  programs.  In  an  elaborated  balancing  scheme, 
investment  would  be  realloacted  in  light  of  critical  bottlenecks  and  an 
additional  feature  —  the  measurement  of  the  capacity  of  a  sector  to  absorb 
labor  should  also  be  added  to  the  model.  This  latter  addition  would  tend 
to  make  higher  output  in  high  priority  branches  feasible  as  would  analyst 
intervention  in  the  allocation  mechanism  in  response  to  bottlenecks. 
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APPENDIX  TO  CHAPTER  II 


ELASTICITY  OF  FACTOR  SUBSTITUTION  WITH  A 
COBB-DOUGLAS  PRODUCTION  FUNCTION 


We  have  the  production  function: 

(1)  Y  -  A  K  °  L  1-0 

to  remain  on  the  production  possibility  frontier  we  know  the  following  must 
hold: 


(2)  Y  -  L  .  21  +  K  .  3Y 

3L  ax 

The  elasticity  of  factor  substitution  is  the  elasticity  of  the  capital/ 
labor  ratio  with  respect  to  the  marginal  rate  of  substitution,  or: 

(3)  «  -  d  (K/L)  .  L/K 


Solving  for  the  capital/labor  ratio  from  (2)  we  get: 


1 

1 

W  1- 

<■ 

3Y 

3L 

Y/L 

3Y 

-  dK 

3Y 

3K 

dL 

3K 

and  substituting  from  (1)  we  get 

a 

(5)  K  -  A  (K/L) _ -  dK 

L  A  a  K  “-1  L  1_X  dL 

and  solving  for  K/L  in  terms  of  dK 

dL 

(6)  K  ■  a  dK  so  that  differentiating 
L  T^a  dL 

(7)  dCK/L)  -  a _ 

d  /dK\  1-a 

\dL/ 
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and  substituting  into  (3)  we  find 


(8) 


a _ 

a  “  1-a 


L/K 


dL 

dK 


since 


dL 

dK 


-  3Y/3L 

3Y/3K 


from  (1)  we  differentiate  and  get 

a-1  1-a 

dL  -  A  a  K  L 
dK  A(l-a)  K*  L* 


a 


1-a 


L/K 


and  substituting  into  (8) 
a 

(8')  «  -  .  L/K  m  1 

a  i!  lTk 

T-a 

While  the  coefficients  on  K  and  L  are  a  and  1-a  for  easy  calculation  (i.e., 
constant  returns  to  scale  are  assumed),  the  result  does  not  depend  on  that 
assumption. 
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Ill  THE  STRUCTURE  OF  SOVMOD  AND  SEMREC 


A.  Basic  Framework 


The  structures  described  in  this  chapter  relate  to  SOVMOD4  and 
SEMREC3.  The  flow  charts  following  indicate  the  basic  structures  of  SOVMOD 
and  SEMREC.  SOVMOD  is  basically  supply  driven.  Branch  and  sectoral 
outputs  are  determined  by  labor  inputs  based  on  exogenous  population  data, 
capital  inputs  (determined  by  investment  behavior),  and  agricultural 
performance  (deviations  from  "normal"  production  due  to  key  weather 
indicators).  Production  and  past  patterns  determined  wages,  prices, 
incomes,  and,  in  turn,  consumption.  Foreign  trade  serves  as  a  supplier  of 
inputs  to  and  an  outlet  for  production  activity.  The  state  budget,  based 
on  annual  published  statements,  influences  the  direction  of  investment. 
Production  activity  determines  GNP  by  sector  of  origin  and  consumption;  the 
budget,  investment  and  net  exports  determine  GNP  by  end-use.  The 
adjustment  mechanisms  relates  sources  of  output  (production)  to  uses 
(interindustry  use  and  deliveries  to  end-use  categories)  and  outputs  are 
adjusted  to  insure  balance. 

SEMREC  builds  on  this  framework.  The  basic  driving  mechanism  is  the 
same,  but  allocation  of  resources  among  productive  sectors  and  allocation 
of  output  among  end-uses  allows  significant  intervention  by  the  center  to 
replace  reliance  on  past  patterns,  wages,  prices,  the  state  budget  and 
incomes  as  allocational  determinants.  Foreign  trade  is  exogenously  set  via 
target  functions  rather  than  modelled  along  peacetime  lines,  inappropriate 
for  the  recovery  environment.  The  wage,  price,  income,  budget  and  hard 
currency  of  SOVMOD  are  included  in  SEMREC  but  in  the  recovery  period  can  be 
ignored^  (see  Table  III-l  on  model  blocks  following). 


If  the  analyst  chooses  to  set  levers,  for  example,  to  use  SOVMOD  trade 
equations  in  SEMREC,  these  blocks  do  come  into  play,  but  this  should  be 
avoided  for  most  of  the  recovery  period.  Wages,  prices,  incomes  and 
budgets  outlays  are  calculated  according  to  peacetime  relationships,  but 
have  no  impact  on  other  blocks  in  the  recovery  model. 


Table  III-l 


MODEL  BLOCKS 


SOVMOD 

Population  and  Employment 

Investment 

Capital  Formation 

Production 

Agriculture 

Wages,  Incomes,  and  Prices 
Consumption 

Budget  Revenues  and  Outlays 
Foreign  Trade 
Hard  Currency 
Aggregate  Identities 
Energy  (S0VM0D4  only) 


SEMREC 

Population  and  Employment 

Investment 

Capital  Formation 

Production 

Agriculture 

* 

Wages,  Income  and  Prices 
Consumption 

★ 

Budget  Revenues  and  Outlays 

* 

Foreign  Trade 

* 

Hard  Currency 

Aggregate  Identities 

* 

Energy 

Gross  Value  of  Output-Output 
Index  Linking  Equations 

* 

Balancing  and  Adjustment 
*  SEMREC 3A  Only 
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The  SEMREC  flow  diagram  indicates  the  points  in  the  model 
structure  at  which  assumptions  about  the  recovery  environment  enter  the 
solution  process.  These  elements  are  detailed  in  the  following  sections  on 
the  model  components.  A  key  to  model  nomenclature  precedes  the  detailed 
descriptions  of  the  components  (Table  III-2).  Model  structures  are  fully 
documented  in  the  appendices  to  the  guide. 


Figure  2 


FACTORS  PRODUCTION  INCOME  CATEGORIES  OF  END-USE 


THE  STRUCTURE  OF  SOVMOD  III 


Figure  2 

SEMREC  STRUCTURE 


Table  111-2 


NOMENCLATURE  OF  VARIABLES  -  INITIAL  SYMBOLS 


SOVMOD  and  SEMREC 


N 

I 

K 

A 

X 

u 

w 

z 

p 

c 

T 

B 

E 

M 

F 

G 

Q 

A. 


P. 


Population  and  Employment 

Investment 

Capital  Formation 

Agriculture 

Production 

Material  Inputs 

Wages 

Incomes 

Prices 

Consumption 

Budget  Revenues 

Budget  Outlays 

Exports 

Imports 

Hard  Currency 

Aggregate  Identities  and  Balances 
Dummy  Variable 

Variable  for  Exogenous  Adjustment  to 
Solution  Value 

Production  or  End-Use  Target  Before 
Balancing 
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Table  ill- 2  (cont'd) 


NOMENCLATURE  OF  VARIABLES  -  EMBEDDED  OR  TRAILING  SYMBOLS 


SOVMOD  and  SEMREC 

Sectors 

IN 

Industry 

CN 

Construction 

TC 

Transportation  and  Communication 

DT 

Distribution  and  Trade 

SV 

Government  and  Services 

A 

Agriculture 

Branches  of  Industry 

EP 

Electric  Power 

CP 

Coal  Products 

PP 

Petroleum  Products 

FM 

Ferrous  Metals 

NF 

Non-Ferrous  Metals 

CH 

Chemicals  and  Petrochemicals 

FP 

Forest  Products 

PA 

Paper  and  Pulp 

CM 

Construction  Materials 

MB 

Machine-Building  and  Metalworking 

SG 

Soft  Goods 

PF 

Processed  Foods 

NC 

Not  Elsewhere  Classified 

B.  Labor  Allocation  Mechanisms 


1.  SOVMOD 

Population  data  for  the  SOVMOD  model  (and  SEMREC)  are  exogenously 
given  from  expert  demographic  projections  by  the  U.**.  government.  The 
distribution  of  population  between  urban  and  rural  regions  is  modelled  and 
depends  on  the  trend  toward  urbanization,  housing  construction  (lagged), 
rural/ industrial  wage  ratios  (lagged),  and  the  result  of  the  previous 
year's  harvest.  The  share  of  urban  population  which  constitutes  the  urban 
labor  force  is  also  modelled,  and  depends  on  the  age  composition,  real 
wage,  urban  population  growth  rate  and  a  time  trend.  The  share 
distribution  of  labor  among  sectors  of  the  economy  and  among  branches  of 
industry  is  determined  by  past  labor  shares  and  investment  rates.  Thus  the 
allocation  follows  past  patterns  unless  the  pattern  is  disturbed  by  changes 
in  rates  of  investment  in  the  sectors  and  branches. 

Representative  functional  forms  for  labor  block  equations  would 
include : 

Urban  population  ■  f^  (investment  in  housing,  industrial/ 

total  population  rural  wage  ratio,  state  of  the 

harvest,  time) 

f2  (industrial/total  non-agr.  employ¬ 
ment  ratio  lagged,  trade/total 
non-agr.  emp.  ratio  lagged,... 
growth  of  non-agr.  investment) 

f^  (MBMW/total  industry  employment 
ratio  lagged , . . . ,  construction 
materials/total  industry  emp.  ratio 
lagged,  growth  of  non-agr., 
investment,  time) 
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2.  SEMREC 

a.  Description 

While  basic  population  data  in  SEMREC  come  from  the  SOVMOD 
databank,  (i.e.,  are  exogenous)  there  are  basic  differences  in  the  block. 
First,  in  a  SEMREC  simulation  other  that  the  baseline,  population  data  are 
drawn  from  a  data  archive  which  specifies  population  losses.  Secondly,  the 
labor  force  is  determined  simply  by  a  participation  rate  which  can  be 
changed  exogenously.  Third,  the  allocation  of  labor  among  sectors  and 
branches  is  determined  by  labor  demand  equations  as  a  function  of  outputs 
after  balancing,  material  inputs  and  the  sectoral  and  branch  capital 
stocks.  These  are  then  scaled  by  the  ratio  of  total  labor  available  to  a 
weighted  sum  of  labor  required  for  full  capacity  utilization  in  each  sector 
(dubbed  necessary  labor).  Thus, 


Total  labor  force 


(Able-bodied  Population)x(Participation  rate) 


Total  necessary  labor  *  ^(Demand  for  labor) ^ 


Labor  for  Sector, 


f(adjusted,  output,,  material  inputs,,  capital 


stocky ) 


Actual  Labor  for  Sector,  =  (Demand  for  labor),  x  TOTAL  LABOR  FORCE 

TOTAL  NECESSARY  LABOR 

This  mechanism  replaces  the  employment  relations  in  SOVMOD 
because  it  is  assumed  that  in  the  postattack  environment  central  planners 
will  directly  control  labor  allocation  based  on  the  set  of  national 
sectoral  and  branch  priorities  and  the  profile  of  surviving  (reconstructed, 
and  augmented)  capital  stocks. 

b.  Analyst  Intervention 

Apart  from  specifying  the  initial  conditions  of  the  scenario  in 
the  input  data  archive  for  the  simulation  (discussed  under  separate 
heading),  the  analyst  can  adjust  the  labor  participation  rate  NPART9.  It 
should  be  noted  the  1975  rate  that  has  typically  been  assumed  is  already 
quite  high. 
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For  several  sectors  of  labor  allocation  for  which  production 
functions  do  not  appear,  labor  demand  is  calculated  as  the  1975  labor/ 
capital  ratio  times  the  surviving  capitol  stock. 
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C.  Investment  and  Capital  Formation 


1.  SOVMOD 


Capital  investment  in  SOVMOD  is  represented  by  two  alternative  sets  of 
equations.  In  the  first  alternative,  investment  in  the  six  major  economic 
sectors  is  modelled  on  growth  in  such  variables  as  gross  profits,  the 
planning  cycle  (i.e.,  the  year  of  the  five-year  plan  then  operative, 
nonpersonnel  defense  expenditures,  total  nonagricultural  investment,  the 
financing  of  centralized  investment  by  the  state  budget  (published  along 
with  annual  plan  targets)  and  the  state  of  the  harvest.  Within  industry, 
investment  in  branches  is  determined  by  these  growth  rates,  as  well  as 
lagged  growth  rates  for  investment  in  branches  of  industry.  This 
alternative  is  quite  specific  to  the  functioning  of  the  peacetime  economy 
and  is  not  utilized  in  SEMREC  simulations. 

In  the  second  alternative,  total  nonagricultural  investment  is 
modelled  on  the  planning  cycle,  gross  profits  and  defense  spending,  but  the 
share  of  each  sector  and  the  share  of  the  branches  of  industry  within  the 
industry  total  are  exogenously  set  (in  a  baseline  case  —  along  historical 
patterns).  Agricultural  investment  growth  depends  on  defense,  harvest 
results,  and  growth  in  state  financing  of  centralized  investment. 

Inventory  changes,  modeled  separately  for  trade,  and  non-trade 
non-agricultural  componenets,  are  a  function  of  past  stocks  and  lagged 
production  of  appropriate  sectors,  and  for  the  case  of  trade,  on 
consumption,  the  state  of  the  harvest,  and  defense  expenditures  as  well. 
Capital  repair  is  determined  by  a  time  trend  for  its  share  of  total  capital 
stock. 

Capital  formation  involves  the  adjustment  of  the  capital  stock  of  the 
preceding  year  by  deducting  depreciation  and  adding  a  weighted  sum  of 
lagged  investment  in  the  sector  and  branches.  The  capital  formation 
equations  also  take  into  account  the  phase  of  the  current  planning  cycle, 
since  the  completion  of  investment  projects  is  accelerated  at  the  end  of 
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the  cycle  and  the  effect  spills  over  into  the  beginning  of  the  next. 
Imports  of  capital  goods  (machinery)  are  also  explicitly  accounted  for  in 
the  capital  formation  for  the  MBMVJ ,  chemicals  and  petroleum  branches. 


2.  SEMREC 

a.  Description 

In  SEMREC,  the  investment  allocation  system  is  similar  to  the 
second  alternative  in  SOVMOD  described  above.  All  investment  shares  for 
sectors  and  branches  are  set  exogenously  by  the  analyst.  These  shares  of 
total  non-agricultural  investment  for  the  sectors,  for  non-agricultural 
investment  as  a  share  of  total,  and  branches  as  a  share  of  total  investment 
in  industry  would  diverge  from  historical  values  in  accordance  with 
assumptions  about  changes  in  sectoral  and  branch  priorities  from  those  o 
the  peacetime  economy.  Inventory  change  and  capital  repair  are  specified 
as  in  SOVMOD. 

The  above  mentioned  shares  are  applied  to  adjusted  values  for 
investment  aggregates  non-agricultural  investment  (INA) ,  machinery 
component  of  agricultural  investment  (IAM),  and  construction  component  of 
agricultural  investment  (IAC)  which  come  out  of  the  balancing  adjustment 
block  (see  section  below  and  appendix  which  relate  to  that  block).  We  are 
concerned  here  with  the  determination  of  the  unadjusted  or  target  values 
for  these  aggregates  (P.INA,  P.IAM,  and  P.IAC).  In  each  case  these  targets 
are  a  function  of  time  and  a  base  level  for  the  variable.  The  default 
values  for  the  exogenous  variables  in  the  determination  were  derived  from 
regression  analysis  so  that  the  equations  reproduce  historical  trends.  The 
target  functions  are  of  the  form 
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or  for  INA: 

P.INA  -  EXP  (DELTAINA  +  ZETAINA*QTiO  +  LOG  (ETAINA)) 

QT50  «  time  trend 

For  the  period  starting  with  the  year  in  which  capital  stock 
reductions  are  introduced,  the  model  automatically  reduces  the  Io  by  the 
same  percentage  as  the  machinebuilding  sector  capital  stock.  The 
historical  trend  is  then  resumed  but  growing  from  the  new  lower  base  over 
the  recovery  period. 

In  SEMREC3,  capital  formation  equations  do  not  appear  explicitly, 
but  are  substituted  into  the  capital  stock  equations  in  place  of  the 
capital  formation  variable.  The  substituted  expression  is  identical  to 
that  for  SOVMOD,  except  that  parameters  are  introduced  to  reduce  investment 
in  place  at  the  beginning  of  the  recovery  as  it  enters  the  capital  stock  in 
succeeding  periods  (see  selection  below  on  initial  capital  stock 
conditions).  Capital  repair  is  calculated  as  in  the  SOVMOD  description 
above,  but  enters  the  balancing  system  and  is  adjusted. 

b.  Analyst  Intervention 

As  indicated  in  the  preceding  section,  the  major  levers  for  the 

analyst  in  the  investment  and  capital  formation  blocks  are  the  investment 

shares  for  the  sectors  of  the  economy  and  branches  of  industry.  The 
historical  shares  reflecting  peacetime  allocation  patterns  (immediately 
pre-war)  can  be  used  as  a  point  of  departure.  It  should  be  noted  that 
these  historical  shares  already  reflect  priority  for  heavy  industrial 
sectors  and  particularly  machinebuilding  and  metalworking.  Table  III-3 
identifies  the  investment  shares  for  sectors  and  branches.  These  are 
stored  in  the  SEMREC  data  archive  and  maintain  the  1975  value  throughout 
the  period  to  1985  (they  are  exogenous).  These  values  are  easily  altered 

using  data  editing  techniques  described  in  Chapter  IV.  It  is  important  to 

remember  that  the  shares  for  all  non-agricultural  sectors  must  sum  to  one, 
and  the  shares  for  all  industrial  branches  must  sum  to  one  since  these  are 
shares  of  total  non-agricultural  investment  and  total  investment  in 
industry,  respectively. 
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Table  III-3 


Investment  Shares  (default  values  set  equal  to  1975  levels  generated 
by  SOVMOD) 


IRCH9 

IRINA9 

IRCM9 

IRIS9 

IRCP9 

IRIT9 

IREP9 

IRMB9 

IRFM9 

IRNF9 

IRFP9 

IRPF9 

IRIC9 

IRPP9 

IRIH9 

IRSG9 

IRII9 

For  example 

I1CP  »  (IRCP9)(IIN)  ,  I IN  =*  Investment  in  Industry 
IIN  =  (IRII9) (INA) ,  INA  =  Non-agricultural  investment 
INA  =  ( IRINA9 ) ( ITOTAL) 


AO 


The  modification  of  the  historical  trend  in  the  setting  of 
targets  for  investment  aggregates  is  also  subject  to  analyst  intervention. 

The  DELTA  _  variable  may  be  used  to  alter  the  target  for  any  one  year 

without  disturbing  the  trend.  The  ZETA  _  variable  can  be  altered  to 

give  more  rapid  or  slower  growth  from  the  base-level.  Detailed 
instructions  on  altering  these  variables  are  given  in  Chapter  IV. 


I 
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D.  Production 

i 

j 

i 

t 

1.  Structure 

a.  SOVMOD  IIIc 


The  specifications  of  production  functions  for  branches  of 
industry  in  SOVMOD  IIIc  were  not  of  the  conventional  Cobb-Douglas  or 
constant  elasticity  of  substitution  type  but  rather  a  rate-of-growth  form. 
This  specified  an  expansion  path  equivalent  to  a  Cobb-Douglas  concept, 
i .  e . , 


AXt/Xt  -  Cj  +  c2  (AN  /N  )  +  C3  (AKt/Kt)+. .. 

where  X  =  output 

N  =  labor  input 
K  -  capital  input 

These  production  functions  also  appear  in  SEMREC1. 


b.  SEMREC 


Several  major  changes  in  the  production  block  from  the 
earlier  SOVMOD  specification  were  undertaken  for  SEMREC3.  Because  the  1-0 
based  balancing  system  works  with  gross  value  of  output  (GVO)  of  producing 
sectors,  SEMREC3  production  functions  predict  GVO  rather  than  the  CIA-OER 
output  indexes  which  feed  into  the  GNP  calculations  (also  based  on  CIA's 
national  account  reconstruction  for  the  USSR).  The  1970  based  output 
indices  are  determined  by  the  adjusted  GVOs  via  linking  equations  obtained 
by  regressing  the  index  series  against  historical  GVOs,  time,  and  shift 
parameters  (dummy  variables)  to  account  for  changes  in  price  regimes. 

Secondly,  two-factor  production  functions  have  been  replaced 
by  three-factor  (capital,  labor,  and  material  inputs)  production  functions 
of  the  Cobb-Douglas  form.  The  factor-shares  (actually  used  as  exponents  of 
supplied  factors  in  this  form)  were  constrained  to  be  those  actually 
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observed  in  1972  in  producers'  prices,  while  a  parameter  to  determine 
returns-to-scale  in  the  sector  was  estimated.  The  material  inputs  are 
determined  by  the  input-output  coefficients  of  the  appropriate  column  in 
the  series  of  balanced  1-0  tables  in  1970  producers'  prices  and  the  output 
of  the  sector  from  the  balancing/adjustment  mechanism.  The  selection  of 
the  appropriate  set  of  production  functions  involved  the  running  of 
literally  hundreds  of  regressions  in  order  to  determine  the  best 
formulation.  These  functions  determine  the  initial  set  of  outputs  which 
are  in  turn  adjusted  by  the  balancing  system. 

A  typical  production  function,  for  the  metallurgy  branch,  and 
material  input  equation  appear  below.  Each  set  of  two  equations  for  each 
producing  branch  and  sector  is  solved  as  a  simultaneous  block  by  the  models 
simulation  process. 


(initial)  P.XIOME  -  EXP(C1ME  +  C3ME  *  (PGVOME  *  LOG(MINPUTME)  +  WGVOME 

*  LOG(NHRIND  *  (NMINF  +  NMIFM)  +  (1  -  PGVOME 
-  EGVOME)  *  L0G(1. 5  *  KIFM)))1 

MINPUTME  =  (A0101  +  A0201  +  A0301  +  A0401  +  A0501  +  A0601 
+  A0701  +  A0801  +  A0901  +  A1001  +  A1101  +  A1201 
+  A1301  +  A1401  +  A1501  +  A1601  +  A1701  +  A1801) 

*  XIOME 


where 


P.XIOME 

XIOME 

C3ME 

MINPUTME 

NHRIND 


gross  value  of  output  of  metallurgy  (initial) 
gross  value  of  output  of  metallurgy  (adjusted) 
estimated  returns-to-scale  parameter 
material  inputs  to  metallurgy 
index  of  length  of  industrial  work  week 


Note  that  a  capital  stock  series  for  non-ferrous  metallurgy  is  not 
available  in  the  1955  prices  used  by  the  model.  Newly  available  data  in 
1973  prices  indicate  the  capital  stock  of  the  combined  metallurgy  sector 
has  consistently  been  1.5  times  that  of  ferrous  metals. 
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NMINF 

NMIFM 


employment  In  non-ferrous,  ferrous  metallurgy 
KIFM  ■  capital  stock,  ferrous  metallurgy 

PGVOME  -  material  input  share  of  GVO,  1972 

WGVOME  -  labor  share  of  GVO,  1972 

A0101,  etc.  •  input-output  coefficients  from  metallurgy 
column  of  times  series  of  I/O  tables 

C1ME  =»  estimated  coefficient 

The  factor-shares  are  derived  from  the  reconstructed  1972 
input-output  table.  The  wage  share  is  wages  derived  by  GVO,  the  materials 
share  is  expenditures  on  material  inputs  of  the  sector  divided  by  the  GVO 
of  the  sector,  and  the  capital  share  is  assumed  to  be  1  minus  the  sum  of 
the  other  shares.  The  input-output  coefficients,  the  AIJ,  represent  the 
input  of  sector  I  in  value  terms  required  to  produce  one  ruble  of  output  of 
sector  J. 


c.  Analyst  Intervention 

Because  the  production  sector  is  designed  to  represent 
technological  relationships,  analyst  levers  in  this  block  are  limited.  The 
NHRIND  index  represents  the  length  of  the  work  week  and  thus  the  combined 
expression  is  a  measure  of  effective  labor  input  rather  than  just  simply 
employment.  The  analyst  can  adjust  this  exogenous  variable  to  represent 
extending  working  hours  in  the  emergency  period  if  desired.  For  example, 
the  average  industrial  work  week  in  1976  was  40.7  hours.  The  index  value 
for  1976  can  be  adjusted  accordingly  to  be  used  as  an  assumption  for  the 
recovery  period. 

The  analyst  may  also  choose  to  alter  the  input-output 
coefficients  over  time.  Currently,  historical  values  for  1972  are  kept 
constant  over  the  simulation  period.  The  analyst  may  feel  an  earlier 
year's  technology  would  be  appropriate  given  the  reduction  in  capital 
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stock.  It  should  be  noted ,  however,  that  the  1-0  tables  are  also  used  in 
the  balancing  routines  and  any  change  would  be  carried  to  that  block  as 


E.  Agriculture 


1.  Structure 


The  structure  of  the  agricultural  component  Is  identical  In  SOVMOD  and 
SEMREC  (see  Figure  3  following  and  note).  Agricultural  production  is 
disaggregated  into  crops  and  animal  products  outputs.  A  grain  component  is 
separately  identified  from  crop  output,  and  meat  production  is  similarly 
identified  from  animal  products. 

For  total  agricultural  production,  crop  output,  grain  output,  animal 
products,  and  meat  production,  both  a  normal  and  actual  production  equation 
appear.  Normal  production  (a  linked-second-peak  data  series)  is  a  function 
of  land,  labor,  capital,  and  materials  inputs  including  feed.  The 
deviations  of  actual  production  from  the  normal  for  total  agricultural 
output,  crops,  and  grain  are  functions  of  two  weather  variables — spring- 
summer  precipitation  and  winter  temperature.  For  animal  and  meat 
production  the  deviation  of  actual  from  normal  is  a  function  of  the  ratio 
of  actual  to  normal  grain  and  crop  production,  respectively,  lagged  one 
period. 


An  example  of  normal  and  actual  output  determination  for  a  category  is 
presented  below  to  illustrate  agricultural  production  relationships  present 
in  both  the  peacetime  and  recovery  models: 


Normal  grain  production: 


Log  ( XGRTN-A . XGRTN ) -C 6 6 6 *LOG ( ( NASK+NASK( - 1 ) -N ASK( - 2 ) ) / 3 . ) -C 8 5  5*L0G 
(AVCP70)«C6624C663*LOG(ASGR9)+C664*LOG(KAIR) 

where  XGRTN  *  normal  grain  production 

NASK  «  employment  in  state  and  collective  igriculture 
AVCP70  •  value  of  agricultural  current  purchases 
ASGR9  ■  area  sown  to  grain 
KAIR  -  agricultural  capital  stock 

A. XGRTN  ■  exogenous  adjustment 
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Figure  3 

THE  AGRICULTURAL  SECTOR  IN  SOVMOD  III  AND  SEMREC 

Links  are  simultaneous  unless  denoted  by  the  lag  operator:  L(l,2) 
indicates  a  one  and  two-year  lag.  Hexagons  indicate  exogenous  variables. 


NOTE:  Although  the  agricultural  components  of  SOVMOD  and  SEMREC  are 
identical,  the  breaks  in  the  arrows  indicate  links  to  other  components  that 
are  not  present  in  SEMREC  because  of  the  modified  labor  and  investment 
allocation  mechanisms. 
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Actual  grain  production: 

Log  ( XGRT-A . XGRT ) -Lo g  XGRTN  -  C665+C637  JPS9+C638  JTW9+C639+ 
Q65+C640  Q75 

where 

XGRT  *  actual  grain  production 
JPS9  ■  spring-summer  precipitation  index 
JTW9  **  winter  temperature  index 
Q65,Q75  *  dummy  variables 

2.  Analyst  Intervention 

The  central  exogenous  variables  affecting  agricultural  production  in 
SEMREC  are  the  weather  indices.  Currently  three  sets  of  weather  conditions 
have  been  defined  for  scenario  purposes  (values  for  indices  describing  a 
five-year  weather  pattern): 

o  above-normal  conditions  pattern  of  index  values  encountered  in 

1966-1970 

o  below-normal  conditions  pattern  of  index  values  encountered  in 

1961-1965 

o  normal  conditions  sample  mean  of  the  variables  for 

1959-1972 

With  SEMREC,  to  date,  only  normal  weather  conditions  have  been  used. 

In  addition  to  the  weather  variables,  some  assumption  may  be  introduced  by 
the  analyst  as  to  reduction  in  sown  acreage  (ASGR9)  in  the  recovery  period. 
These  data  series  are  available  to  the  terminal  operator.  Projected  data 
for  these  series  were  developed  for  a  baseline  forecast  with  SOVMOD  III  to 
1990.  Data  series  for  these  variables  may  be  obtained  by  the  analyst  and 
altered  via  the  data  manipulation  techniques  described  in  Chapter  IV. 


Note  however,  that  a  separate  GVO  production  function  for  agriculture 
also  appears  to  provide  an  initial  value  for  balancing  and  adjustment. 
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F .  Consumption 


1.  SOVMOD 

In  SOVMOD  and  In  SEMREC,  consumption  is  disaggregated  into  four 
subcomponents : 

o  food 

o  non-durables 

o  durables 

o  services 

There  are  three  alternatives  in  SOVMOD  for  determining  aggregate  consumption 
and  the  four  subaggregates.  In  the  first  alternative,  the  share  of  real 
disposable  income  spent  on  each  of  the  subcomponents  is  modeled  directly  and 
the  aggregation  is  then  accomplished.  These  shares  depend  on  disposable 
income  (or  its  growth) ,  relative  prices,  and  ratios  between  output  of 
appropriate  branches  (e.g.,  processed  foods,  soft  goods)  and  disposable 
income.  In  the  case  of  durables  consumption,  the  ratio  between  defense 
expenditures  and  household  income  is  also  included  as  an  independent  variable. 

In  the  second  alternative  total  consumption  as  a  share  of  disposable 
income  is  modeled  as  above,  while  the  shares  of  subcomponents  of  consumption  in 
total  consumption  are  modeled  on  lagged  shares,  relative  prices,  total 
production,  farm  income  and  non-personnel  defense  spending.  The  third 
alternative  determines  total  consumption  as  a  residual  end-use  of  GNP  with 
subcomponent  shares  of  the  total  determined  as  in  alternative  two. 

In  SEMREC3,  still  another  alternative  is  used,  one  based  upon  the  notion 
that  the  leadership  will  set  targets  at  the  minimum  deemed  necessary  to 
maintain  labor  incentives.  The  analyst  therefore  sets  the  target  function  for 
each  category  of  consumption  (food,  non-durables,  durables,  and  services)  by 
selecting  a  share  of  pre-attack  per-capita  consumption  in  that  category  to  be 
maintained.  The  initial  per-capita  consumption  is  allowed  to  grow  over  the 
recovery  period  at  an  analyst-determined  rate  (the  default  value  is  the 
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historical  trend).  The  balancing  mechanism  ensures  that  adjusted  outputs  of 
consumer  goods  branches  will  be  concomitant  with  adjusted  levels  of 

consumption. 

A  typical  consumption: 

P.CRD70  =  EXP 
LOG 

(L0G(NP0P9)  +  LOG  (GAMMAD)  +  BETAD*QT50  + 
(0.011)) 

where  P.CRD70 

=  unadjusted  durables  consumption 

NP0P9 

=  total  population 

GAMMAD 

=  desired  share  of  1975  per  capita 
consumption  of  durables 

QT50 

=  time  trend 

BETAD 

=  growth  parameter  for  consumption  of 
durables,  per-capita 

The  last  term  In  the  equation  above  contains  the  figure  for  per-capita 
consumption  of  durables  in  1975  in  billions  of  1970  rubles  per  million 
population. 

2.  Analyst  Intervention 

The  primary  focus  for  analyst  intervention  in  the  consumption  block  is 
the  setting  of  initial  shares  to  be  maintained  of  1975  per-capita 
consumption  in  each  category.  The  analyst  may  also  choose  to  alter  the 
growth  parameter  (it  can  be  zero  for  a  number  of  years  if  desired).  These 
levers  are  exogenous  variables  and  a  value  must  be  supplied  for  each  year. 
Using  the  default  values  (that  is  not  superseding  the  values  stored  in  the 
basic  data  archives  supplied  with  the  model)  results  in  an  extrapolation  of 
historical  consumption  trends. 

If  the  targets  for  consumption  in  a  given  simulation  result  in  a 
larger  adjustment  to  outputs  of  consumer  goods  branches  than  the  analyst 
deems  appropriate  (a  crude  rule  of  thumb  is  that  a  consistent  20% 
adjustment  is  too  large),  the  analyst  will  want  to  revise  targets  for  the 
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next  simulation.  Alternatively,  labor  allocation  priorities  and  investment 
shares  for  consumer  goods  branches  may  be  altered.  Chapter  IV  provides 
details  on  setting  parameters  in  target  functions,  and  altering  the  latter 
analyst  levers. 

The  main  feedback  on  the  rest  of  the  model  from  the  consumption  block 
is  through  the  balancing  mechanisms.  Final  deliveries  to  consumption 
categories  are  deducted  in  the  balances  for  output  and  inputs  for  the 
industrial  branches.  There  is  currently  no  labor  supply  function 
responsive  to  consumption  incentives.  These  may  be  provided  by  the  analyst 
via  adjustment  of  the  exogenous  labor  participation  rate  and/or  the  index 
for  length  of  the  work  week  to  indicate  labor  response  to  increased 
incentives . 
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G.  Energy  Component 

1.  Structure 

The  energy  component*  is  identical  for  SOVMOD  and  SEMREC.  The  energy 
component  consists  of  three  sets  of  equations: 

o  energy  demand  and  fuel  requirements 

o  input  and  output  levels  for  fuel  branches 
c  foreign  trade  in  energy 

Forecasts  of  energy  demand  are  made  on  production  and  population 
levels  from  the  other  blocks  of  the  model.  Energy  demand  is  classified 
into  electric  power,  thermal  energy,  and  direct  motor  power.  Equipment 
technology  dictates  the  type  of  fuel  required  and  substitutability  of  fuels 
and  thus  fuel  demand  is  generated  from  energy  requirements.  It  is  assumed 
that  capital  stock  already  in  place  will  not  have  an  altered  mix  of  fuel 
requirements  so  the  average  fuel  mix  coefficients  are  weighted  averages  of 
the  fuel  mix  required  by  the  vintages  of  capital  still  in  use.  The  fuel 
mix  for  new  capital  investment  is  exogenously  set  by  means  of  detailed 
expert  analysis.  The  capacity  of  atomic  and  hydroelectric  power  stations 
are  exog  ;nously  given  and  thermoelectric  power  required  is  a  residual.  The 
production  of  electric  power  is  equated  to  the  demand.  This  is  justified 
because  the  demand  equations  incorporate  generation  capacity  constraints. 
Some  examples  of  this  set  of  equations  are  illustrative: 

Industry  Use  of  Electricity 

UELIN-  1. 1090-0. 1806»XELP  +  0. 16726*KITOT 
EPRIND  KELPC  XOIN 
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See  Figure 


5 


i 


•rr  s.rzsx: 


52 


_ Non  Fuel  Use 

COM  IHPUIS  oTi 

fo  COKING  PflRO  PRODS 

UCOStOm 


where  UELIN  *  use  of  electricity  by  industry 

EPRIND  «■  industry  output  index  in  which  branch  outputs  are 

weighted  by  electric  power  requirements 

XELP  *  total  production  of  electric  power 

KELPC  -  total  electric  power  generating  capacity  XELP 
represents  the  generation  capacity  KELPC 

constraint) 

KITOT  «  total  industrial  capital  stock 

XOIN  *  industrial  output  KITOT  is  the  capital/output  ratio) 

XOIN 

Total  Electric  Power  Production  - 

XELP  -  UELIN  +  UELAG  +  UELTR  +  UELHHM  +  UELCN  + 

UELOSS  +  EFTEP 

where  UELAG  -  use  of  electricity  in  agriculture 

UELTR  -  use  of  electricity  in  transport 

UELHHM  «  use  of  electricity  by  urban  households  and  municipal 

use 

UELCN  -  use  of  electricity  in  construction 

UELOSS  -  transmission  loss 

EFTEP  *  export  of  thermoelectric  power 

Electric  Power  Generating  Capacity  - 

KELPC  -  13. 878-2. 91823*QLT50 

KIEP 

where  KELPC  -  electric  power  generating  capacity 

KIEP  ■  capital  stock  of  the  electric  power  branch 

QLT50  *  log  time  trend 

Fuel  Use  in  Thermoelectric  Power  Plants  - 

UFXELTP  -  0.4568  +  0. 15*(UC0XELTP/XELTP)-0. 12208*(QLT50-3. 2581 ) 
XELTP 
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where  UFXELTP  -  fuel  use  In  thermo-electric  production 

UCOXELTP  -  coal  use  in  thermo-electric  production  (this  term  is 
merely  an  adjustment  to  the  data  which  overvalues 
coal  in  conversion  to  standard  fuel  equivalents) 

Gas  Use  in  Thermo-electric  Plants  - 

UGAXELTP  _  CMGA£9  (KELTPC-0.98KELTPC_j) 

UFXELTP-  (  KELT PC  ) 

+(UGAXELTP_1)  +  0<98  (KELTPC^) 

( UFXELTP_1  )  (KELT PC  ) 

This  equation  calculates  the  share  of  gas  use  in  fuels  for 
thermo-electric  power  by  weic^ting  the  gas  use 
coefficient  for  new  capital  (CMGAE9)  and  the  lagged 
average  use  coefficient  by  the  new  capital  and  lagged 
capital  shares  of  the  total  production  capacity 
(KELTPC).  A  2%  rate  of  annual  depreciation  is  assumed. 

Total  Coal  Use  - 

UCO  =  UCOXELTP  +  UCOBF  +  UCOMF  +  UCOKE 

where  UCONT  «  use  of  coal 

UCOXELTP  -  use  of  coal  in  thermo-electric  power 
generation  (coefficients  correct  for 
conversion  from  fuel  equivalents  to  natural 
uses,  losses,  and  internal  uses  in  this 
equation) 

UCOBF  =  use  of  coal  in  boilers  and  furnaces 

UCOMF  =  use  of  coal  as  motor  fuel  (e.g.,  in 

locomotives 

UCOKE  -  use  of  coal  for  coke 


Output  and  factor  allocation: 

New  employment  and  investment  equations  for  petroleum  products  (gas  + 
oil)  were  inserted  in  the  appropriate  blocks  of  SOVMOD  and  linked  to  output 
determined  in  the  energy  component.  In  SEMREC,  the  petroleum  products 
labor  and  investment  allocation  are  identical  to  that  for  other  branches  of 
industry.  For  coal  production  in  SOVMOD,  existing  production  and  factor 
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allocation  functions  were  used  in  value  terms  and  linked  to  physical  output 
for  the  energy  component.  Some  examples 

Gas  output  - 


where 


RXTGAN*XTGAN 

HPTGA 


3109.18  -  720.01  +  XTGANUE 
P. XT GAN 


XTGAN  -  gas  output  in  natural  units 

HPTGA  «  total  length  of  gas  pipeline 

XTGANUE  *  gas  production  east  of  the  Urals 

(P.XTGAN-XTGANEU  is  a  function  of  a  time 
trend) 


RXTGAN  <■  damage  factor  for  gas  production  (see 
initial  conditions) 


Petroleum  Products  Output*  (value  terms)  - 

XOPP  -  (0.6093  XTOIP  +  0.3907  XTGAN  )*100 

353.039  197945. 

where  XOPP  *  potential  petroleum  products  output 

XT10P  *  total  oil  production  in  natural  units 

The  energy  component  does  contain  endogenous  determination  of  exports 
of  energy  and  fuels.  Exports  of  fuels  are  separately  determined  for  CMEA 
(Eastern  Europe)  and  the  Rest  of  the  World.  Exports  are  a  function  of 
economic  activity  in  the  importing  region,  the  Soviet  hard  currengy 
position,  and  prices.  Prices  for  exports  to  the  Rest  of  the  World  are 
exogenous,  and  to  Eastern  Europe  are  a  function  of  lagged  price  and  Rest  of 
the  World  price. 


See  Figure  6 
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The  fuel  sector  outputs  are  translated  via  linking  equations  to 
initial  GVOs  for  use  in  balancing.  The  initial  GVOs ,  that  is,  outputs  in 
value  terms,  are  adjusted.  The  initial  GVOs  are  P.XIOOI  (oil),  P.XIOGA 
(gas),  P.XIOCP  (coal  and  peat). 

2.  Analyst  Intervention 

Policy  variables  for  recovery  environments  do  not  play  a  major 
direct  role  in  the  energy  component,  but  indirect  links  via  other  blocks  of 
the  model  (labor  allocation,  etc.)  are  maintained. 
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H.  Balancing  and  Adjustment  Mechanism 


1.  Structure 


The  structure  of  the  balancing  systems  added  to  the  SOVMOD  and  SEMREC 
models  are  identical.  The  sets  of  equations  include: 


o  Final  demand  definitions  which  translate 

unadjusted  end-use  items  calculated  in  various 
model  blocks  into  a  consistent  set  of  final 
demands  based  on  input-output  concepts  required 
for  balancing  against  gross  values  of  output 

o  Inventory  and  "other  final  demand"  equations  which 
calculate  entries  for  the  balances  based  on 
historical  relationships  between  this  category  and 
levels  of  and  changes  in  gross  values  of  output 
(specifications  are  based  on  standard  inventory 
adjustment  arguments) 

o  Balances  which  require  the  sources  and  uses  of 
outputs  of  producing  sectors  and  branches  to  be 
equalized 

o  Adjustment  equations  which  derive  adjustment  to 
initial  outputs  and  end-use  that  will  provide 
balance  as  well  as  minimize  the  weighted  cost  of 
the  adjustments  (weighted  sum  of  squared 
deviations  from  initial  values) 

o  Translations  which  reverse  the  process  of  the 

final  demand  definitions  and  convert  adjusted  1-0 
based  end-use  categories  back  into  model 
categories  reflecting  now  the  impact  of  balancing 
and  adjustment. 

The  balancing  system  is  an  algorithm  in  which  the  outputs  of  sectors 
and  branches  as  determined  by  primary  factor  inputs  (i.e.,  in  the 
production  functions)  are  adjusted  to  insure  that  the  uses  of  production 
for  final  demand  and  as  inputs  to  the  production  process  are  equal  to  the 
output  produced  for  each  branch  and  sector.  These  adjustments  are  made  in 
a  particular  manner — to  minimize  a  quadratic  function  of  the  deviations 
between  potential  and  adjusted  output,  where  the  deviations  are  weighted  by 
leadership  priorities.  This  process  is  intended  to  resemble  the  method  of 
"material  balances"  by  which  Soviet  planners  insure  consistency  in  plan 
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targets.  Priorities  are  considered  by  the  planners  when  targets  are 
adjusted  to  provide  balance.  A  quadratic  function  is  used  to  make 
adjustment  more  smoothly,  so  that  small  changes  in  variables  do  not  result 
in  drastically  different  solutions.  Coefficients  from  Western 
reconstructions  of  Soviet  input-output  tables  are  used  to  calculate 
material  input  requirements  for  production  and  with  some  adjustments,  final 
delivery  shares  of  branches  and  sectors  in  various  categories  of  end-use 
(i.e.,  consumption,  investment,  military  procurement,  etc.). 

The  description  of  the  balancing  technique  and  the  formulation  of 
final  demand  definitions  is  very  complex  and  quite  technical.  The  reader 
desiring  further  detail  is  referred  to  Appendix  I.  In  this  appendix,  each 
set  of  equations  described  briefly  above  is  presented. 

2.  Analyst  Intervention 

The  major  analyst  input  into  the  balancing  routine  is  the  setting  of 
the  priority  weights  on  individual  adjustments  to  initial  values  for 
outputs  and  end-uses.  If  the  effect  of  balancing  and  adjustment  produces  a 
model  solution  which  adjusts  away  from  a  target  which  the  analyst  prefers 
to  insist  on  meeting  as  closely  as  possible,  he  may  increase  the  weight  on 
that  adjustment  relative  to  all  other  weights.  This  increases  the  "cost" 
of  making  an  adjustment  to  that  target  and  a  new  simulation  should  provide 
a  more  satisfactory  solution.  These  are  the  weights  A01  through  A40  which 
are  stored  as  constants.  Instructions  in  detail  are  provided  in  Chapter 
IV.  As  mentioned,  above,  this  balancing  and  adjustment  routine 
approximates  the  method  of  "material  balances"  used  by  Soviet  planners  to 
arrive  at  balanced  plans  according  to  given  priorities. 
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J.  Other  SOVMOD  Blocks 


1.  Blocks  Omitted  from  SEMREC 

There  are  blocks  in  SOVMOD  which  model  prices,  wages,  and  income  and 
the  State  Budget.  While  these  endogenous  variables  play  a  role  in 
peacetime  allocation  and  consumption,  they  have  been  included  in  the 
recovery  model,  although  central  intervention  replaces  their  role  in 
decentralized  decisionmaking.  In  addition,  SOVMOD  has  a  block  which  models 
hard  currency  transactions.  These  relationships  specified  and  estimated 
according  to  peacetime  experience,  appear  in  SEMREC  so  that  when  certain 
equations,  such  as  for  foreign  trade,  use  a  peacetime  formulation  according 
to  the  analysts  instructions  appropriate  endogenous  variables  required  by 
the  model  are  calculated.  In  other  cases,  they  may  be  ignored. 

2.  Wage,  Price  and  Income  Determination  and  the  State  Budget 

The  key  variables  in  the  SOVMOD  wage  block  relate  to  the  industrial 
wage,  the  wage  for  state  farm  workers,  and  the  wage  for  collective  farmers. 
The  variables  are  the  real  wage  divided  by  output  per  worker  in  each  of 
three  sectors  and  they  are  a  function  of  their  own  lagged  value  (and  for 
industry  -  the  state  of  the  harvest).  All  other  wages  (industrial  branches 
and  other  sectors)  are  tied  to  time  trends  and/or  the  industrial  wage  or 
theirr  own  lagged  values.  Thus,  wage  patterns  tend  to  be  extrapolated  into 
the  future,  although  tied  to  the  industrial  wage. 

Consumer  and  most  wholesale  prices  depend  on  their  own  lagged  value, 
time  trend,  and  the  ratio  of  industry  wage  to  output  per  worker.  Non-food 
consumption  price  also  depends  on  the  turnover  tax  rate.  Consumer  food 
price  depends  on  grain  imports  and  the  state  of  the  harvest.  Investment 
deflators,  depending  on  a  construction  activity  price  deflator  and  heavy 
industry  wholesale  prices,  are  calculated  for  major  sectors  and  the  GNP 
deflator  is  a  function  of  time  and  a  dummy  variable  for  price  reform. 


Most  incomes  are  set  equal  to  average  wage  multiplied  by  employment. 
Gross  profits  are  important  for  investment  determination  and  depend  on  a 
time  trend  and  the  state  of  the  harvest  (there  is  an  alternative 
specification  depending  on  GNP  and  other  revenues).  Beal  disposal 
household  income  is  calculated  and  play  an  important  role  in  SOVMOD 
consumption  functions. 

Budget  revenues  and  expenditures  are  also  modeled  in  SOVMOD.  There 
are  four  components  of  revenues:  state  enterprise  revenues,  turnover 
taxes,  social  sectors  revenues,  and  wage  and  salary  taxes.  These  revenues 
depend  on  tax  rates,  dummy  variables  representing  legislated  changes,  and 
in  the  first  two  cases,  the  share  of  defense  in  government  expenditures. 

Budget  outlay  components  include  financing  of  the  national  economy, 
social  and  cultural  measures,  science,  administration,  and  a  residual 
category.  The  growth  rates  of  these  components  are  functions  of  time 
trends  and  in  some  cases  growth  of  wages  in  government  and  services,  growth 
in  other  budget  outlays,  and  the  state  of  the  harvest.  Defense 
expenditures  are  exogenously  given.  The  most  recent  defense  estimates  by 
Professor  Stanley  Cohn  of  the  State  University  of  New  York  at  Binghamton 
are  used  in  the  current  version  of  SOVMOD. 

Note:  Two  categories  of  budget  expenditure  and  defense  procurement 
are  required  in  SEMREC3  so  that  all  uses  of  output  are  included  in  the 
balancing.  Defense  procurement  is  calculated  on  the  basis  of  historical 
relationship  between  output  of  machinebuilding  and  military  durables 
expenditures.  This  is  described  in  the  appendix  on  balancing  under  the 
section  on  "other  final  demand  categories." 

The  budget  items  for  "research  and  development"  (BRD)  and 
"administration  and  other"  (BAO)  are  calculated  by  target  functions  and  are 
then  adjusted  by  the  balancing  mechanism.  The  equations  are: 

P.BRD  -  EXP  (NUBRD  +  10TABRD*QT50  +  LOG  (SIGMABRD)) 

P. BAO  -  EXP  (NUBAO  +  I0TABA0*QT50  +  LOG  (SIGMABAO)) 
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where  P.BRD,  P.BAO  -  initial  targets  for  respective  budget  outlays 


IOTAs  ■  growth  parameters 

SIGMAs  ■  base  values 

NUS  -  exogenous  adjustments  (default  *  0) 
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K.  Foreign  Trade 


SOVMOD  export,  import,  and  hard  currency  relations  are  depicted  in 
Figure  7. 

1 .  SOVMOD 


Exports  are  determined  separately  by  geographical  destination  and 
several  of  these  geographic  subdivisions  are  further  disaggregated  by  type 
of  commodity.  The  geographic  subdivisions  are:  Developed  West,  CMEA 
(Eastern  Europe  only),  Other  Socialist  Countries  (China,  Yugoslavia,  North 
Korea,  etc.),  and  Less  Developed  Countries.  Categories  of  exports  to  CMEA 
include:  raw  materials  and  semi-fabricates ,  non-grain  food  and 
manufactured  consumer  items,  grain,  machinery  and  equipment,  and  others. 
These  exports  by  category  are  functions  of  CMEA  grain  production  and 
population,  the  Soviet  harvest,  and  world  and  domestic  prices. 

Categories  of  exports  to  the  Developed  West  are  machinery,  other 
manufactures,  fuel,  food  (non-grain),  grain,  and  other.  Grain  exports 
depend  on  domestic  and  Western  European  grain  production  and  Western 
European  population.  Food  exports  depend  on  world  prices  and  domestic  crop 
output.  Machinery  exports  depend  on  the  Soviet  hard  currency  position  and 
the  ratio  of  CMEA  to  world  prices.  The  other  categories  of  exports  to  the 
Developed  West  are  functions  of  relative  prices  and  Western  European 
economic  activity.  Other  geographic  sub-divisions  of  exports  depend  on 
extrapolating  historical  patterns  with  adjustments  for  the  balance  of 
payments  and  world  trade  levels. 

Imports  have  the  same  geographic  breakdown  as  exports.  Imports  from 
CMEA  also  have  the  same  commodity  categorization  (without  grain)  as  do 
exports.  The  imports  from  CMEA  are  functions  of  their  own  value  lagged, 
Soviet  exports  of  raw  materials  and  semi-fabricates,  Soviet  food  and  soft 
goods  consumption,  and  the  trade  balance. 
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Imports  from  the  Developed  West  are  grouped  into  machinery  (a  function 
of  Western  prices,  hard  currency  position,  and  level  of  Soviet  investment), 
consumer  goods  (function  of  the  share  of  durables  in  consumption,  and  the 
share  of  grain  in  total  imports),  and  grain.  Grain  imports  depend  on 
domestic  grain  output,  world  prices,  and  a  time  trend.  Four  categories  of 
machinery  import  from  the  Developed  West  (for  total  industry,  for 
metalworking,  for  mining,  metallurgy,  and  petroleum,  and  for  chemical 
production)  are  separately  modeled.  They  depend  on  investment  levels,  hard 
currency  position,  prices,  and  the  timing  within  the  five-year  plan  cycle. 
Other  geographical  imports  flows  depend,  in  general,  on  own  lagged  values, 
the  balance  of  trade,  and  world  trade  activity. 

The  hard  currency  block  calculates  balances  based  on  foreign  debt, 
hard  currency  trade,  gold  production  and  sales,  and  hard  currency  reserves. 
This  block  largely  consists  of  identities,  with  interest  payments  and 
credit  repayments  modeled  on  foreign  credit  drawings. 

2.  SEMREC 

SEMREC  provides  hybrid  foreign  trade  equations.  It  should  be  noted 
that  In  early  versions  of  SEMREC  foreign  trade  was  completely  exogenous. 

In  SEMREC3,  the  same  foreign  trade  structure  is  provided  as  in  SOVMOD. 
Target  functions  for  foreign  trade  subaggregates  which  will  enter  the 
balancing  system  are  provided,  however.  It  is  useful  to  look  at  a  typical 
equation  for  foreign  trade  before  proceeding  with  the  description,  for 
instance,  for  exports  of  machinery  to  the  Developed  West. 

EMADW -A . EMAD W  -  MU6*(C1047  +  C 1 048* ( FDEBT-FSTK)  +  C1049* 

PM1HU59/PM1DWP9)  +  KAPPA6*EXP(PSI6  + 

RHO6*QT50  +  TAU6) 

The  section  of  the  equation  multiplied  by  MU6  is  the  SOVMOD 
formulation  based  on  hard  currency  variables  (FDEBT  and  FSTK)  and  relative 
prices  received  for  imports.  The  section  multiplied  by  KAPPA6  is  a  target 
function  for  exports  in  this  category.  In  this  expression  PSI6  represents 
the  natural  log  of  a  one-time  deviation  in  exports,  RH06  is  a  growth 
parameter  (QT50  is  a  time  trend)  and  TAU6  is  a  base  level  for  exports  in 


this  category.  Default  values  for  these  variables  reproduces  historical 
trends. 

The  values  predicted  by  these  equations  are  aggregated  by  commodity 
type  to  provide  initial  end-use  estimates  for  foreign  trade  in  the 
balancing  mechanism.  These  are  then  adjusted  to  ensure  balance. 

3.  Analyst  Intervention 

By  setting  the  MUs  equal  to  0,  the  analyst  invokes  the  target 
function.  Conversely  setting  the  KAPPAs  equal  to  zero  invokes  the  SOVMOD 
formulation.  Since  the  SOVMOD  formulation  for  foreign  trade  relies  heavily 
on  hard  currency  conditions  and  prices,  for  the  emergency  period  it  is 
probably  not  appropriate. 

Since  the  target  functions  reproduce  historical  trends  if  default 
values  for  the  PSI,  RHO,  and  TAU  variables  are  used,  setting  the  KAPPA  at 
some  fraction  less  than  one  (MUs  should  be  set  to  zero)  sets  targets  for 
foreign  trade  at  a  share  of  the  extrapolated  peacetime  trend.  The 
fractions  can  be  differentiated  by  commodity  type  and  trading  region.  If 
desired,  the  growth  parameters  (RHOs)  and  exogenous  derivative  from  trend 
(PSIs)  can  also  be  manipulated.  Chapter  IV  provides  detailed  instructions 
on  altering  these  parameters,  which  are  stored  as  exogenous  data. 
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The  following  foreign  trade  flow  targets  can  be  adjusted  by  the  analyst: 


Reference 

Number  Variable 


1 

ENFRMCM 

exports. 

2 

EMACM 

exports , 

3 

EGRCM 

exports. 

4 

ECOCM 

exports , 

5 

EFUELDW 

exports , 

6 

EMADW 

exports , 

7 

EOMDW 

exports , 

8 

EODW 

exports , 

9 

EGRDW 

exports , 

10 

EFODW 

exports. 

11 

ETLDC 

exports, 

12 

ETCH 

exports , 

13 

EOSC 

exports, 

14 

ECUBA 

exports , 

15 

MRMCM 

imports. 

16 

MMACM 

imports , 

17 

MFOCM 

imports, 

18 

MCOCM 

imports , 

19 

MMADW 

imports. 

20 

MRMDW 

imports , 

2i 

MCODW 

imports, 

22 

MTLDC 

imports , 

23 

MOSC 

imports. 

24 

MTCH 

imports. 

25 

MCUBA 

imports , 

26 

EFUELEE 

exports , 

non-fuel  raw  materials  to  CMEA 

machinery,  to  CMEA 

grain,  to  CMEA 

consumer  goods ,  to  DEMA 

fuels  to  Developed  Vest 

machinery  to  Developed  West 

other  materials,  to  Developed  West 

other,  to  Developed  West 

grain,  to  Developed  West 

food,  to  Developed  West 

to  LDCs 

to  China 

to  Other  Socialist  Countries 
to  Cuba 

raw  materials,  from  CMEA 
machinery,  from  CMEA 
food  from  CMEA 
consumer  goods,  from  CMEA 
machinery,  from  Developed  West 
raw  materials,  from  Developed  West 
consumer  goods ,  from  Developed  West 
from  LDCs 

from  Other  Socialist  Countries 
from  China 
from  Cuba 

fuel  to  Eastern  Europe 
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L.  Incorporating  Initial  Conditions 


1.  Population 

This  section  will  describe  how  initial  conditions  enter  into  the  model 
simulation.  Population  initial  conditions  are  furnished  to  the  model 
simulation  through  the  construction  of  exogenous  data  series  generated  by 
the  analyst. 

It  is  possible  with  the  TROLL  software  system  to  file  series  in  the 
data  bank  in  a  particular  archive.  If  the  proper  command  is  given  prior  to 
a  simulation,  the  computer  goes  to  each  archive,  in  the  order  specified,  to 
search  for  the  data  needed  in  the  simulation.  If  a  value  is  found  for  a 
particular  variable  in  one  archive,  the  computer  looks  no  farther  for  that 
piece  of  data.  Thus,  by  asking  the  computer  to  search  an  archive  with  a 
particular  set  of  initial  conditions  first,  the  data  is  used  instead  of 
values  for  the  same  series  stored  anywhere  else  in  the  files.  In  this 
manner  initial  conditions  for  a  recovery  scenario  replace  exogenous  values 
used  in  the  baseline  (no  damage)  forecast.  This  system  of  archives  is 
used,  as  well,  to  specify  initial  conditions  for  capital  stock  and  to 
select  a  foreign  trade  package.  The  procedure  for  building  and  selecting 
archives  for  model  simulations  is  detailed  in  the  terminal  users'  section. 

Three  sets  of  population  initial  conditions  archives  are  already  in 
existence  in  the  data  files  provided  with  the  model.  They  relate  to  no 
civil  defense  measures  taken  (about  31%  reduction  in  population),  some 
civil  defense  measures  effective  (about  24%  reduction)  and  effective  civil 
defense  (about  16%  reduction).  Since  these  series  are  for  exogenous 
variables,  values  for  each  year  of  the  stimulation  period  must  be 
specified.  Therefore  assumptions  were  made  about  population  growth,  i.e., 
no  growth  in  the  first  five  years  (delayed  fatalities  equal  birth  rate)  and 
2%  growth  in  the  second  five-year  period  of  recovery. 


The  initial  conditions  archives  contain  series  for  two  exogenous 
population  variables — total  population  (NP0P9)  and  able-bodied  population 
(NP0PAB9) — covering  the  ten-year  recovery  period.  Since  in  SEMREC  as  well 
as  SOVMOD,  labor  force  data  relies  on  exogenous  population  projections, 
population  reductions  are  thus  introduced  throughout  the  model. 

Alternative  sets  of  initial  conditions  are  readily  generated  by  the  analyst 
by  adjusting  population  data  series  stored  in  the  model's  files. 

2.  Capital  Stock 

Initial  conditions  for  capital  stock  are  similarly  entered  into  the 
simulation  process  via  archived  data.  Algorithms  have  been  entered  into 
the  model  to  calculate  impacts  of  percentage  reductions  in  capital  stock  on 
values  for  simulation.  Therefore,  the  analyst  need  only  enter  a  value  for 
the  fraction  the  capital  stock  is  reduced  by  for  appropriate  branches  or 
sectors.  It  should  be  noted  that  in  earlier  versions  of  SEMREC  it  was 
necessary  for  the  analyst  to  calculate  initial  capital  stocks  as  well  as 
reductions  in  investment  in  place. 

The  following  is  a  typical  capital  stock  equation,  for  the  chemical 
branch: 


KICH-A.KICH  -  ( 1-DBAR(-1 )*DKICH(-1 ) )*(KICH(-1 )-C21 1*KICH(-1 ) )  + 
C209*(QFYP(-1)-C478)  +  C210*RKN3ICH*  IICH(-3)  + 
C210*RKN2ICH*IICH(-2) 

The  first  part  of  the  equation  takes  last  years  capital  stock 
(KICH(-l))  and  less  depreciation  (C21 1*KICH(-1 ) )  and  multiplies  it  by  the 
capital  stock  reduction  factor,  ( 1-DBAR(-1)*DKICH(-1) )  for  chemicals. 
DKICH(-l)  is  the  fraction  of  reduction  (e.g.  by  10%,  DKICH*.l)  while  DBAR 
Is  a  means  to  increase  (multiply  by  a  constant  factor)  the  level  of 
reduction  for  all  sectors  without  changing  the  sectoral  profile  of  the 
reduction  (DBAR  is  set  to  1  by  default).  To  this  expression  is  added  the 
expression  for  capital  formation  in  the  branch  last  year  to  give  initial 
past  years  (the  lag  structure  differs  from  sector  to  sector)  and  the 

planning  cycle  (QFYP).  It  can  be  noted  that  RKN _ variables  are 

automatically  calculated  by  the  model  based  on  the  DK _ values  supplied 
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by  the  analyst  so  that  Investment  in  place  at  the  time  of  the  capital  stock 
redaction  is  concomitantly  reduced,  even  though  the  investment  does  not 
augment  the  capital  stock  until  later  years. *  The  complex  set  of 
definitions  for  the  investment  pre-multipliers  which  appear  at  the 
beginning  of  the  model  are  required  because  of  the  complex  and  variable  lag 
structure  in  capital  formation  in  various  sectors. 

The  only  exception  to  the  above  introduction  of  capital  stock 
reductions  applies  to  production  of  gas  and  oil  in  the  energy  component. 
These  production  equations  in  physical  terms  are  not  dependent  on  the  value 
of  capital  stock.  Therefore  separate  multipliers  are  required  to  simulate 
effects  of  reduced  capital  stock  on  these  physical  outputs.  These  are 
RXTOIP  (physical  oil  output  modifier)  and  RXTGAN  (physical  gas  output 
modifier).  These  should  be  set  to  the  reciprocal  of  (1-.5*  (desired 
reduction  in  capital  stock)).  Th  ;  model  inverts  and  multiplies  by  this 
factor  in  calculating  these  outputs,  and  the  relationship  of  reduction  in 
output  for  these  sectors  to  reduction  in  capital  stock  was  found  to  be 
.5:1. 2 

In  the  earlier  version  of  the  User's  Guide,  a  set  of  prepared  initial 
capital  stock  conditions  was  presented  and  provided  with  the  model.  Given 
the  case  of  generating  these  conditions  in  the  revised  model,  this  is  not 
necessary  here.  Further  documentation  on  what  an  initial  conditions 
archive  and  reasonable  variants  from  it  will  appear  in  a  separate  report  on 
the  SEMREC3  Baseline  Case  Analysis. 


DK _ variables  appear  in  the  model  for  each  producing  sector  and 

branch.  If  no  capital  stock  reduction  is  desired  in  a  sector,  the 

analyst  merely  does  not  inlude  the  DK _ in  the  archive  which 

supercedes  the  models  basic  data  archives. 

2 

Default  value  for  these  multipliers  is  1.  See  Base  Case  document  for 
details  on  structuring  exogenous  data  files  for  RXTGAN  and  RXTOIP. 
RXTOIP  is  different  from  one  only  for  one  year.  RXTGAN  should  decline 
over  the  period  to  1. 
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IV 


TERMINAL  USERS’  GUIDE 


A.  The  TROLL  System 

The  computer  software  system  on  which  SOVMOD  and  SEMREC  are  simulated 
is  called  TROLL  (Time-shared  Reactive  On-Line  Laboratory)  and  is  provided 
by  the  Information  Processing  Service  of  the  Massachusetts  Institute  of 
Technology.  TROLL  was  developed  at  M.I.T.  for  the  National  Bureau  of 
Economic  Research  and  is  a  tool  specially  designed  for  econometric  re¬ 
search,  model  building,  and  testing.  It  has  proved  particularly  cost- 
effective  for  SEMREC  work.  The  software  system  is  interactive,  i.e., 
executes  a  comnand,  then  asks  for  further  information  from  the  user  or 
informs  him  of  errors  encountered  and  possible  corrective  action  to  be 
taken. 


Information  is  inputted  to  and  outputted  from  TROLL  via  a  file  system. 
The  following  are  the  types  of  files  used  by  TROLL: 


•  Data  —  cross-section  or  time  series,  subdivided  into  users' 

files,  archives,  and  individual  data  names 

•  Model  —  equations  and  variable  declarations  (exogenous,  en¬ 

dogenous,  definition,  coefficient,  and  parameter) 

•  Coefficient  —  values  for  coefficients,  one  file  associated 

with  each  model  name. 

•  Dataset1  —  Output  Dataset:  each  file  contains  the  output 

(solution  values  for  each  variable  for  the  simu¬ 
lation  period)  of  a  particular  model  simulation. 

—  Input  Dataset:  values  drawn  from  the  data  files 
for  each  exogenous  variable  (for  the  whole  simu¬ 
lation  period)  and  each  endogenous  variable  (an 
Initial  period  value  only)  required  for  a 
particular  model  simulation. 


1  patasets  are  usually  created  by  TROLL  during  the  simulation  process 
rather  than  being  supplied  by  the  user.  Datasets  can  be  transformed 
into  datafiles,  and  vice  versa,  with  a  TROLL  command,  however. 
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TROLL  includes,  as  well,  a  large  number  of  commands  which  process  the 
information  provided  to  the  file  system  by  the  user.  Certain  of  these, 
called  high-level  commands,  may  be  given  at  any  time  during  a  TROLL 
session.  Low-level  commands  represent  sub-sets  associated  with  various 
high-level  commands  and  can  be  used  only  after  an  appropriate  high-level 
command  is  given . 


Some  of  the  more  important  high-level  commands  in  TROLL  include: 


•  SIMULATE  —  initiates  the  process  of  model  simulation;  further 

information  will  be  required  from  the  user 

•  REG  —  initiates  regression  (or  one  or  a  series  of 

equations) 

•  CEDIT  —  calls  an  entire  coefficient  file  associated  with 

one  model — low-level  commands  are  then  used  to 
operate  on  the  information  stored  there 

•  MODEDIT  —  calls  a  particular  model  from  the  files  to  be 

edited  via  low-level  commands 

Commands  are  given  by  the  user  following  a  prompt  by  TROLL.  It  is 
appropriate  to  give  a  high-level  command  at  any  point  during  a  TROLL  session. 
When  TROLL  is  asking  for  a  high-level  command,  specifically,  the  prompt 
given  is: 

TROLL  COMMAND. 

Low-level  commands,  however,  may  be  given  only  after  the  appropriate 

high-level  command  is  given1.  The  prompt  by  TROLL  for  the  low-level 

command  is  specific  to  the  sub-set  in  question.  Thus  an  illustrative 

sequence  might  be:  TROLL  COMMAND.  CEDIT  SEMREC: 

CEDIT  COMMAND.  DELETE  C100; 

CEDIT  COMMAND.  FILE; 

TROLL  COMMAND.  - 


1  The  exception  relates  to  modedit  commands.  If  during  the  TROLL  session, 
the  high-level  command  USEMOD  followed  by  a  model  name  is  given,  any  of 
the  set  of  modedit  low-level  commands  can  be  used  and  will  automatically 
refer  to  that  model. 
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The  above  sequence  deletes  the  coefficient  C100  and  its  value  from  the  co¬ 
efficient  file  associated  with  the  model  named  SEMREC.  The  FILE  command 
permanently  stores  this  change,  terminates  the  CEDIT  process,  and  tells 
the  system  to  prepare  for  another  high-level  command. 

The  commands  of  primary  interest  to  the  analyst  who  wishes  to  run 
SEMREC  simulations  perform  the  following  tasks: 

•  Select  data  archives  and  files  to  be  used  by  TROLL  in 
creating  the  input  dataset  for  a  model  simulation 

•  Set  analyst  levers  to  represent  the  assumptions  desired 
for  the  particular  simulation.  This  may  involve  simply 
setting  exogenous  values  or  may  also  require  altering 
the  model  specifications 

•  Set  bounds  for  the  simulation  period  and  initiate  the 
simulation 

•  Display  results  of  the  simulation;  compare  output  with  that 
of  previous  model  runs. 

The  use  of  the  appropriate  commands  for  these  tasks  will  be  detailed  in 
the  sections  below.  It  should  be  noted  that  through  TROLL'S  MACRO 
facility  it  is  possible  for  the  user  to  write  canned  programs  which  can 
reduce  frequently  used  sets  of  Troll  commands  to  one  macro  command.  For 
'^stance,  the  single  command: 

&SRCHREC3 

calls  a  macro  (a  subprogram)  which  is  stored  in  the  user's  files  which 
sets  up  the  appropriate  data  archives  in  the  proper  sequence  to  simulate 
the  model  without  any  reduction  in  capital  stock  or  population.  This  re¬ 
places  a  series  of  about  eight  separate  commands,  which  might  easily  be 
entered  with  errors.  The  detailed  individual  commands  will  be  provided 
here  along  with  the  macro  shortcuts  where  appropriate.  The  details  of 
building  macro  programs  are  provided  in  monographs  available  from  MIT 


B.  Data  Management 

1.  Data  Manipulation  for  SEMREC  RUNS 

Data  records  for  the  TROLL  user  may  be  grouped  into  data  archives 
in  the  user's  files.  If  no  archive  name  is  provided,  the  data  file  is 
stored  in  the  user's  working  space.  The  archive  name  is  specified  as  a 
prefix  to  the  file  name,  e.g., 

USSR_  KIMB1 

In  this  case,  the  data  file  for  the  variable  KIMB  (capital  stock  of  the 
MBMW  branch  is  stored  in  the  archive  named  USSR.  The  particular  data  file 
may  be  stored  in  more  than  one  archive,  and  the  values  given  do  not  have 
to  agree.  This  is  particularly  useful  for  storing  alternative  sets  of 
initial  conditions.  Thus,  capital  stock  reduction  data  can  be  stored 
in  a  series  of  archives: 

MISC  _  DKIMB 
BASE10  _  DKIMB 
BASE25_  DKIMB 

In  an  individual  simulation,  TROLL  can  be  directed  to  look  for  values 
for  the  variables  in  particular  archives  when  creating  the  input  dataset 
for  the  simulation.  This  is  done  by  specifying  a  search  list.  Troll  looks 
at  the  archives  in  the  order  specified  in  the  search  list  and  finding  a 
data  file,  looks  no  further  for  data  for  that  variable  (i.e.,  in  archives 
later  in  the  search  list.)  A  search  list  remains  in  effect  throughout  a 
Troll  session  unless  it  is  altered  by  the  user.  The  search  list  is  speci¬ 
fied  by  use  of  the  SEARCH  commands  which  include  SEARCH  FIRST,  SEARCH  LAST, 


1  The  use  of  the  underscore  to  link  the  archive  and  data  names  is 
specific  to  the  terminal  used  (TI  Silent  700  Series).  Others  may 
substitute  another  symbol. 
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SEARCH  AFTER,  and  SEARCH  BEFORE .  Only  archive  names  need  to  be  given  to 
cover  all  data  files  in  those  archives,  e.g., 

TROLL  COMMAND.  SEARCH  FIRST  DATA  _USSR  DATA _ SEMREC ;  to  check 
the  search  list,  give  the  command: 


TROLL  COMMAND.  LKSEARCH  DATA:1 


Troll  responds  with  the  archives  in  the  order  the  user  has  specified: 


DATA _ USSR 
DATA  _  SEMREC 
USER  (W) 

This  last  entry  is  the  user's  working  space  where  all  unarchived  data  is 
filed.  It  is  included  In  the  search  list  automatically  as  the  last  entry. 
If  the  command 

TROLL  COMMAND.  SEARCH  FIRST  DATA_ NCD: 

is  now  given,  the  LKSEARCH  DATA  command  will  elicit: 

DATA_NCD 
DATAJJSSR 
DATA_SEMREC 
USER  (W) 

The  command  DELSEARCH  DATA_USSR  deletes  the  archive  USSR  from  the  search 
list.  It  is  useful  here  to  examine  a  concrete  example  of  the  use  of  the 


3  This  command  may  be  entered  by  the  user  at  any  time  during  the 
TROLL  mission. 
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search  list  to  introduce  initial  conditions  into  a  simulation,  where  those 
conditions  differ  from  historical  data. 

Excluding  a  case  which  contains  no  damage  to  either  capital  stock  or 
population,  initial  conditions  must  be  introduced  that  encompass  values  for 
reduction  of  capital  stock  lagged  one  period  before  the  recovery  is  to 
begin  and  population  variables  (these  are  exogenous  and  a  value  must  be 
supplied  for  each  year  of  the  simulation.  This  is  accomplished  by  building 
a  data  archive  with  these  variables  and  placing  it  first  in  the  SEARCH 
list,  superceding  default  values. 

Historical  data  and  exogenous  values  projected  through  the  simulation 
period  (forward  data)  which  are  shared  by  the  peacetime  model  and  SEMREC 
are  filed  in  the  archive  named  USSR.  Variables  specific  to  SEMREC  are 
filed  in  the  archive  SEMREC.  Reduced  forward  data  for  population  are 
stored  in  the  archives  named  CD,  CD24,  and  NCD  with  16%,  24%,  and  31% 
reduction  in  population  respectively.  Now  we  wish  to  build  a  data  file  for 
DKIMB  (percent  reduction  in  capital  stock  in  the  MBMW  branch)  alter  the 
data  file  for  the  1975  entry  (the  year  preceding  the  start  of  recovery)  and 
file  it  in  an  archive  representing  initial  conditions  of  a  pre-determined 
reduction  in  industrial  capital  stock. 

First  we  call  up  the  default  data: 

TROLL  COMMAND.  DEDIT  MISC  DKIMB 


We  desire  a  hypothetical  figure  of  40%  reduction. 

DEDIT  COMMAND.  REPLACE  1975  .40 

and  now  place  new  series  (identical  but  for  1975  entry)  in  the  BASER 
archive : 


DEDIT  COMMAND.  FILE  BASER  _  DKIMB 
TROLL  COMMAND.  DEDIT  .  .  . 
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This  procedure  is  repeated  for  each  of  the  capital  stock,  reduction  involved 
in  introducing  the  initial  conditions  into  the  simulation.  The  search  list 
is  then  specified: 

TROLL  COMMAND.  &SRCHREC3 

TROLL  COMMAND.  SEARCH  FIRST  DATA  _  NCD  DATA  _  BASER 
and  checked: 

TROLL  COMMAND.  LKSEARCH  DATA: 

with  the  response: 

DATA  _  NCD 

DATA  _  BASER 

DATA  _  and  so  on  determined  by  &SRCHREC3 

When  the  input  dataset  is  created  by  the  simulate  command,  TROLL  finds  the 
population  variables  in  NCD  (even  though  a  non-reduced  series  exists  in 
USSR),  most  of  the  capital  stock  reduction  parameters  in  BASER  and  the  rest 
of  the  variables  have  data  drawn  from  MISC  and  USSR  and  other  basic  data 
archives  searched  by  executing  &SRCHREC3. 

In  this  manner  packages  of  initial  conditions  can  be  saved  in  the 
files,  easily  incorporated  and  replaced  for  simulation,  and  actual  historical 
values  need  never  be  altered  and  remain  for  reference  purposes  and  baseline 
runs.  Through  the  use  of  the  MACRO  facility  on  TROLL,  single  commands 
can  be  created  to  assemble  search  lists  for  a  series  of  scenarios  incor¬ 
porating  combinations  of  initial  conditions.  The  search  list  is  auto¬ 
matically  printed  for  the  user,  e.g.,  &SRCHBASE  which  is  an  initial  set 
of  assumptions  for  a  baseline  case  and  has  been  supplied  with  SEMREC3. 
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Analyst  levers  stored  as  exogenous  data  can  be  manipulated  identically  (see 
table  following).  If  new  data  files  for  a  lever  do  precede  the  archives  in 
&SRCHREC3,  the  default  values  are  used  in  the  simulation.  If  you  are  not 
certain  of  where  a  data  file  appears,  after  executing  a  search  list  give 
the  command : 

TROLL  COMMAND:  PRTDATA  DKIMB ; 

and  the  system  responds  with  each  occurrence  of  this  data  file  in  a 
archive . 


80 


Table  IV-1 


Analyst  Levers  Stored  as  Exogenous  Data 

For  guidance  in  setting  these  levers  see  SEMREC3A:  Baseline  Soviet  Recovery  Case 
CEPR-TN-8 156-2 . 

A.  FOREIGN  TRADE 


1.  ANALYST  ADJUSTED  DATA 


MU1  through  MU25  -  lever  applied  to  peace-time  portion  of 
equation 

KAPPA1  through  KAPPA25  -  lever  applied  to  recovery  portion  of 
equation 

PSI1  through  PSI25  -  annual  unexplained  increase/decrease  to 
foreign  trade  flows 

RH01  through  RH025  -  growth  rate  of  trade  flows 
TAU1  through  TAU25  -  y  intercept 

2.  USE  OF  VARIABLES: 

a.  MU1  through  MU25  and  KAPPA1  through  KAPPA25 

In  the  pre-attack  periods  all  MU  variables  should 
equal  1,  and  all  KAPPA  variables  should  equal  0. 

In  the  recovery  period,  MUS  typically  are  set  to 
0,  KAPPA  <1.  (Note  all  KAPPAS-0  for  trade  with 
the  developed  West  will  cause  an  error,  moreover 
not  a  likely  assumption). 

b.  PSI1  through  PSI25 

All  PSI  values  should  equal  0  at  all  times  UNLESS 
the  analyst  desires  to  annually  increase  or 
decrease  specific  trade  flows  exogenously.  All 
PSI  variables  are  time  vectors  and  therefore  a 
"one-time  shot  in  the  arm”  increase  or  decrease  is 
supplied  to  the  system  by  changing  PSI  for  one 
year  only  from  0  to  a  new  analyst-determined 
value . 

c.  RH01  through  RH025 

All  RHO  variables  were  regression  generated. 

Increasing  or  decreasing  RHO  values  will  increase 
or  decrease  growth  of  a  specific  foreign  trade 
variable  away  from  historical  trends. 

d.  TAU1  through  TAU25 

All  TAU  variables  were  regression  generated.  They 
should  not  be  changed  by  the  analyst,  as  they 
represent  the  y  intercept. 
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B.  CONSUMPTION 


1.  ANALYST  ADJUSTED  DATA  FILES: 


NPOP9  -  total  population 

GAMMAD  -  target  ratio  of  post-attack  per  capita  durables 
consumption  to  1975  level 

GAMMAND  -  target  ratio  of  post-attack  per  capita  non-durables 
consumption  to  1975  level 

GAMMAS  -  target  ratio  of  post-attack  per  capita  services 
consumption  to  1975  level 

GAMMAF  -  target  ratio  of  post-attack  per  capita  food 
consumption  to  1975  level 

BETAD  -  historical  growth  rate  of  per  capita  durables 
consumption 

BETAND  -  historical  growth  rate  of  per  capita  non-durables 
consumption 

BETAS  -  historical  growth  rate  of  per  capita  services 
consumption 

BETAF  -  historical  growth  rate  of  per  capita  food  consumption 


2.  USE  OF  VARIABLES: 

a.  NP0P9 

Total  population  estimates  used  to  represent  varying 
degrees  of  civil  defense  automatically  fall  into  place 
in  all  of  the  consumption  functions. 

b.  GAMMA 

xx 

All  of  the  GAMMA  variables  should  be  set  equal  to  1 
during  the  peace-time  period.  In  the  recovery  period, 
all  should  be  set  equal  to  some  value  less  than  or 
equal  to  1  for  each  year.  Typically  all  may  be  set 
equal  to  .8  during  the  recovery  period  with  the 
exception  of  GAMMAD  which  is  reduced  to  . 1  to  reflect  a 
dramatic  decrease  in  consumer  durables  consumption. 

c .  BETA 

xx 

All  of  the  BETA  variables  were  regression  generated. 
Increasing  or  decreasing  any  BETA  value  will  increase 
or  decrease  the  growth  of  a  specific  consumption 
variable  relative  to  historical  trends.  (Note:  small 
changes  cause  rather  large  shifts  (i.e.,  a  103!  decrease 
in  the  size  of  a  Beta  will  be  rather  significant). 
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c 


INVESTMENT 


1.  ANALYST  ADJUSTED  DATA  FILES: 


DELTAINA  -  unexplained  multiplier 
DELTAIAM  -  "  " 

DELTA IAC  -  "  " 


(non-ag  investment) 
(machinery  component ,  ag 
investment) 

(construction  component, 
investment) 


ag 


ZETAINA  -  average  annual  growth  rate  of  non-ag  investment 
ZETAIAM  -  "  "  "  "  machinery  comp.,  ag 

investment 

ZETAIAC  -  "  "  "  "  construction  component  of 

ag.  investment 


ETAINA  -  target  figure, 
ETALAM  -  "  " 

ETAIAC  -  "  " 


non-ag  investment 

machinery  component,  ag  investment 
construction  component,  ag  investment 


2.  USE  OF  VARIABLES: 


a.  DELTA 

XXX 

All  DELTA  variables  represent  unexplained  boosts  to 
investment.  Because  of  the  form  of  the  equations  within 
which  they  appear,  such  boosts  must  be  entered  IN  LOG  FORM. 
Therefore,  if  non-ag  investment  for  a  given  year  is  to  be 
doubled,  DELTAINA  for  that  particular  year  must  be  stored  in 
an  archive  as  the  natural  log  of  2. 


b. 


All  ZETA  variables  were  regression  generated.  Increasing  or 
decreasing  ZETA  values  will  increase  or  decrease  the  growth 
of  a  specific  investment  variable  vis-a-vis  the  historical 
trend. 


All  ETA  variables  were  regression  generated.  They  represent 
the  base  from  which  specific  investment  variables  grow.  It 
is  important  that  during  the  recovery  period  investment 
levels  decrease  (as  do  levels  of  capital  stock  and  capital 
formation),  and  this  is  precisely  what  happens  in  the 
equations  which  normalize  on  the  ETA  variables.  It  is 
assumed  that  the  decrease  in  investment  will  equal  the 
decrease  to  machine  building  capital  stock  in  general, 

DKIMB. 
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2  TROLL  Commands  for  Data  Manipulation 

DEDIT  is  TROLL  shorthand  for  "data  edit".  Since  data  are  stored 
in  the  user's  library  and  therefore  are  not  specific  to  any  particular 
model  (unless  expressly  indicated  by  the  analyst),  data  may  be  edited  with 
or  without  the  use  of  a  USEMOD  command.  The  most  commonly  used  DEDIT 
commands  are  listed  below.  The  analyst  should  pay  close  attention  to  the 
FILE  command  and  also  to  the  DEDIT  command  which  must  be  used  before  data 
can  be  altered  in  any  fashion. 


DEDIT  -  This  command  not  only  prepares  the  TROLL  system 
for  all  of  the  low-level  DEDIT  commands,  it  also 
is  used  to  specify  the  particular  data  file  to  be 
edited  whether  it  is  an  existing  data  file  or  not. 

For  example,  the  following  is  correct: 

DEDIT  MIECH: 

Where  MIECH  is  the  name  of  a  data  file. 

Only  one  variable  name  may  follow  DEDIT  since  the 
analyst  is  allowed  to  manipulate  only  one  data  file 
at  a  time.  The  DEDIT  command  listed  above  auto¬ 
matically  elicits  the  following — if  a  file  named 
MIECH  already  exists: 

DEDIT  COMMAND: 

If  a  data  file  named  MIECH  does  not  already  exist, 
the  TROLL  system  responds  with: 

NEW  SERIES,  MIECH: 

and  asks  for  needed  information  including  periodicity 
and  a  start  date.  If  the  analyst  desires  to  add  data 
into  this  new  data  file  he  must  then  proceed  to  an 
ADD  command. 

If  a  variable  appears  in  more  than  one  archive,  the 
archive  named  must  be  included  in  the  DEDIT  command: 

DEDIT  SEMREC  MIECH: 
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ADD  -  used  to  enter  data  into  data  files.  The  following 
are  all  proper  forms  of  the  ADD  command: 

ADD  1950,  1.234; 

ADD  TOP,  1.234  5.678; 

where  1950  and  TOP  indicate  the  desired  location  of 
the  new  data.  All  data  in  data  files  is  associated 
with  individual  years.  TROLL  does  not  require  the 
analyst  to  input  each  year  one  at  a  time  because  it 
assumes  data  will  be  entered  in  chronological  order 
with  a  known  start  date  as  determined  in  the  DEDIT 
command.  Assuming  annual  data  is  being  used  as  is 
the  case  with  all  data  associated  with  SEMREC1,  the 
first  ADD  command  listed  above  will  insert  the  value 
1.234  after  the  value  that  appears  for  1950.  In 
other  words: 

1951  -  1.234 

Furthermore,  all  values  already  in  the  data  file 
after  1950  will  be  adjusted  forward  by  one  year. 

The  second  ADD  command  adds  two  values  beginning 
with  the  first  year  listed  in  the  data  file  and 
will  adjust  forward  all  values  in  the  file  by 
two  years.  If  the  analyst  needs  to  change  a  value 
(or  several  values)  within  a  data  file  and  not 
adjust  any  other  values,  the  REPLACE  command 
should  be  used. 

COMMENT  -  used  to  write  comments  associated  with  individual 

data  files.  Semi-colons  may  not  be  used  at  any  time 
within  the  comment,  but  all  comments  are  concluded 
with  one.  For  example,  the  following  is  correct: 

COMMENT  GROSS  NATIONAL  PRODUCT,  EXPENDITURES  SIDE, 
CURRENT  DOLLARS: 

DELETE  -  this  command  is  used  to  delete  values  specified  within 
a  data  file.  It  does  not  remove  the  year  or  years 
associated  with  those  values  and  therefore  all  values 
that  followed  the  deleted  values  are  moved  "backwards 
in  time"  so  that  no  gaps  exist.  The  following  are 
correct: 

DELETE  1958; 

DELETE  1964  to  1970; 

DELETE  TOP  to  1975; 
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FILE  - 


PRINT  - 


REPLACE  - 


used  Co  permanently  store  all  data  changes  made  by 
the  analyst.  Data  should  be  filed  using  both  the 
archive  name  and  the  variable  name  as  shown  In  the 
following  examples: 

FILE  BASE 40_KISG: 

FILE  SE<REC_MTM1209; 

If  no  archive  name  Is  given,  the  data  is 
automatically  stored  in  the  current  (working)  file. 

used  to  examine  data  files  or  any  portion  of  a  data 
file.  The  following  PRINT  commands  are  correct,  when 
in  DEDIT  mode: 

PRINT  DATA: — prints  all  data  within  the  data  file. 
PRINT  ALL: — prints  the  entire  data  file,  data  and 
comments. 

PRINT  1956; — prints  the  value  corresponding  to  1956. 
PRINT  1965  to  1971 — prints  values  from  1965  to  1971. 

as  noted  earlier,  this  command  is  used  to  change  a 
value  associated  with  a  given  year  while  not 
affecting  any  other  data  in  the  data  file.  For 
example : 

REPLACE  1963  15.1; 

REPLACE  1970  11.17  12.80  15.77;— this  command 
replaces  old  values  for  1970,  1971,  and  1972  with 
values  specified  in  the  command. 
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C.  Altering  Key  Parameters  and  Equations 
1.  Techniques  for  Model  Modification 

Aside  from  the  data  question,  the  other  major  aspects  of  the 
model  simulation  are  the  coefficients  (parameters),  the  symbol  declarations 
and  the  model  equations.  For  most  simulations  these  components  will  be 
unchanged  from  the  basic  formulation  provided  to  the  user.  There  are, 
however,  important  variations. 

In  most  SEMREC  equations  the  coefficients  on  variables  are 
entered  with  a  symbol  rather  than  a  numerical  value.  The  numerical  values 
are  stored  in  the  coefficient  file  associated  with  the  SEMREC  model.  This 
is  a  useful  approach  because  many  of  the  coefficients  are  shared  by  SEMREC 
and  SOVMOD.  The  SEMREC  coefficient  file,  however,  contains  some  important 
additions — for  example,  the  labor  force  participation  rate  (NPART9) . 

These  are  key  analyst  levers  and  the  user  may  wish  to  change  them 
from  their  basic  values  either  to  one  new  value  for  the  simulation  period 
or  varying  them  during  the  period.  In  the  first  case,  only  editing  of  the 
coefficient  file  is  required.  The  user  should  remember  that  when  the 
simulation  is  completed  the  basic  values  should  be  restored.  Any  editing 
which  is  done  on  the  coefficient  would  carry  over  to  the  next  session.  An 
example  is  given  here  of  editing  the  coefficient  file  to  increase  the 
balancing  priority  of  the  MBMW  sector,  throughout  the  simulation  period, 
from  a  value  of  1  to  2.  The  following  is  a  sequence  of  commands  and 
TROLL's  responses. 


Also  the  share  of  collective  form  (SK0L9)  and  state  form  (SS0V9) 
employment  in  total  agricultural/employment-set  to  1975  actual  values. 
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TROLL  COMMAND. 

CEDIT  SEMREC3A; 

CEDIT  COMMAND. 

PRINT  A06; 

A06 

1. 

CEDIT  COMMAND. 

REPLACE  AO 6  2. 

CEDIT  COMMAND. 

PRINT  A06; 

AO  6 

2. 

CEDIT  COMMAND. 

FILE; 

On  the  other  hand,  the  user  may  wish  to  increase  the  value  of  PLMB9  to 
2  only  for  the  first  five  years  of  the  simulation  period.  It  is  then 
necessary  to  change  the  declaration  of  the  symbol  from  COEFFICIENT  to 
EXOGENOUS.  This  requires  a  series  of  MODEDIT  commands.  The  PIMB9  entry 
may  remain  in  the  coefficient  file  without  effect.  When  editing  the  model, 
the  editing  is  not  saved  from  session  to  session  unless  the  command  FILEMOD 
is  given.  If  the  user  does  not  wish  to  save  the  editing,  giving  the 
command 

TROLL  COMMAND.  USEMOD  SEMREC3A; 

restores  the  model  to  the  form  it  had  at  the  time  the  last  FILEMOD  command 
was  given.  This  will  also  occur  if  the  current  TROLL  session  is  terminated 
without  filing  the  model.  The  following  is  the  sequence  of  TROLL  commands 
and  responses  which  convert  NPART9  from  a  coefficient  to  an  exogenous 
variable  and  create  a  data  file.  Note  that  every  .  is  a  prompt  for 
information  from  the  user. 

TROLL  COMMAND.  USEMOD  SEMREC3A; 

TROLL  COMMAND.  CHANGESYM  EXOGENOUS  NPART9 ; 

MODEDIT  COMMAND.  FILEMOD; 


TROLL  COMMAND 


DEDIT  NPART9 ; 


NEW  SERIES  NPART9 

ENTER  PERIODICITY.  1  (i.e.,  annual  data) 

ENTER  START DATE.  1973  (i.e.,  first  year  of  simulation) 

DEDIT  COMMAND.  ADD  TOP  .92.92.92.92.92.92.92.92.92.92.92.92.92; 
DEDIT  COMMAND.  PRINT  DATA, 

NPART9 

DATA 


1973 

.92  .92  .92  .92 

1977 

.92  .92  .92  .92 

1981 

.92  .92  .92  .92 

DEDIT  COMMAND. 

FILE; 

This  set  of  commands  has  created  a  data  file  for  the  variable  PLMB9  and 
filed  it  in  the  user's  working  space  (no  archive  was  specified  with  the 
last  FILE  command).  Because  PLMB9  is  to  be  an  exogenous  variable,  a  value 
is  required  for  every  year  of  the  simulation  period. 

The  symbol  NPART9  already  occurred  in  the  basic  model,  but  was 
declared  to  be  a  coefficient  (i.e.,  has  the  same  value  in  any  period).  The 
model  had  to  be  edited  to  change  the  declaration.  To  return  the  model  to 
its  previous  specification,  the  anlayst  must  enter: 

TROLL  COMMAND.  CHANGESYM  COEFFICIENT  NPART9; 

MODEDIT  COMMAND.  FILEMOD; 

Note  that  the  first  change  was  permanently  filed  and  can  only  be  reversed 
by  new  model  editing  given  above.  The  value  for  the  coefficient  NPART9  had 
remained  in  the  SEMREC3A  coefficient  file. 

To  change  priority  weights  for  balancing,  CEDIT  is  used,  as  in  the 
example.  The  adjustment  weights  are  coefficients  A01  through  A40.  See 
Appendix  I  for  correspondence  of  numbered  A  weight  and  adjustment  variable. 
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Analyse  Levers  Stored  as  Coefficients 


A.  LABOR  ALLOCATION 

1.  SELECTED  ANALYST  ADJUSTED  DATA  COEFFIEICNTS : 

RNKS9  -  labor/capital  ratio  for  1975  (represents  level  of  technology 
RNKG9  -  "  "  "  "  "  "  " 

RNKEP9  -  "  "  "  "  "  "  " 

RNKPP9  —  H  11  11  11  11  11  11 

RNKSG9  -  "  "  "  "  "  "  " 

RNKF9  -  "  "  "  "  "  "  " 

RNK09  -  "  "  "  "  "  "  " 

RNKNC9  -  "  "  "  "  "  "  " 

2.  USE  OF  VARIABLES 

a.  RNKxx9 

Labor/capital  ratios  used  in  the  model  are  representative  of 
those  for  1975.  They  illustrate  a  level  of  technology 
specific  to  that  year.  If  the  analyst  desires  to  alter  the 
ratio,  he  must  first  determine  the  level  of  technology 
planned  to  exist  in  the  post-attack  period,  and  substitute 
appropriate  values  for  the  labor/capital  variables. 

b.  NT NEC 

Do  not  adjust  this  variable,  it  is  endogenous. 

c.  NTOTAL 


This  variable  is  automatically  adjusted  when  initial  levels 
of  population  and  therefore  able-bodied  population  are 
introduced  into  the  system.  NPART9,  the  ecogenously 
supplied  participation  rate  may  be  adjusted  by  the  analyst, 
but  it  should  be  noted  that  it  is  already  quite  high. 


2  Editing  Equations,  Altering  Coefficients  and  Changing 
Symbol  Declarations 

Following  are  detailed  descriptions  of  TROLL  commands  frequently 
used  in  altering  key  parameters  and  model  specifications  before  simulation. 

Before  using  any  MODEDIT  command,  a  USEMOD  command,  identifying 
the  model  to  be  used,  must  be  entered1,  after  which  any  of  the  following 
MODEDIT  commands  are  acceptable: 


ADDEQ  -  used  to  add  equations  to  the  model  called  for  in 
the  USEMOD  command.  When  properly  used,  it  is 
written: 

ADDEQ  10, 

where  10  refers  to  the  number  of  the  equation  after 
which  you  want  to  add  a  new  equation.  Therefore, 
ADDEQ  10  will  insert  a  new  equation  into  position 
number  11  and  will  push  all  equations  that  used  to 
follow  equation  number  10  so  that  they  now  follow  the 
newly  added  equation,  equation  nur^er  11.  Note  that 
this  command  is  followed  by  a  comma,  not  a  semi¬ 
colon.  The  system  automatically  responds  with: 

EQUATION : 

at  which  point  the  user  enters  the  equation  without 
any  blank  spaces — push  it  all  together.  When  the 
equation  has  been  entered,  enter  a  semi-colon. 

ADDSYM  -  used  to  add  new  variable  names  into  the  model.  All 
variables  must  be  entered  as  one  of  the  following 
variable  types: 


coefficient; 
definition; 
endogenous; 
exogenous;  or 
parameter. 


1  The  USEMOD  command  need  be  entered  only  once,  and  will  hold  throughout 
the  TROLL  session  unless  another  USEMOD  command  with  another  model 
name  is  entered. 
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If  the  analyst  enters  an  equation  and  does  not  declare 
the  variables  within  that  equation  to  be  one  of  the 
five  variable  types  listed  above,  the  TROLL  system 
automatically  assumes  all  of  them  to  be  exogenous. 

If  this  happens,  the  CHANGESYM  command  must  be  used 
to  change  the  variable  type.  When  properly  used, 
the  ADDSYM  command  appears  as  follows*. 

ADDSYM  COEFFICIENT  C123; 

The  command  written  immediately  above  enters  the 
variable,  C123  into  the  model,  as  a  coefficient.  If 
C123  had  already  been  used  in  the  model,  the  system 
would  automatically  generate  an  error  message  in¬ 
dicating  such,  and  the  analyst  must  either  rename 
the  variable  or  use  the  CHANGESYM  command. 

CHANGEQ  -  used  to  alter  equations  already  in  the  model.  When 

properly  used,  the  CHANGEQ  command  appears  as  follows: 

CHANGEQ  OFFN  ONF  $error$alteration$  G  ALL; 

Where  OFFN  suppresses  the  automatic  system  response  of 
telling  the  analyst  which  equations  were  not  altered 
as  a  result  of  this  command.  ONF  activates  the  sys¬ 
tem  to  notify  the  analyst  of  all  equations  where  changes 
were  made.  Surrounded  by  dollar  signs  number  1  and 
2  above  is  a  portion  of  an  equation  that  is  to  be 
changed.  The  system  will  scan  all  equations  looking 
for  that  string.  It  will  replace  everything  within 
those  dollar  signs  with  what  ever  lies  between  dollar 
signs  number  2  and  3.  The  letter  G  (for  general)  tells 
the  system  to  make  such  changes  everytime  it  finds  the 
error  within  each  equation.  Without  this  letter  G,  a 
change  will  be  made  only  the  first  time  it  is  dis¬ 
covered  within  each  equation.  ALL  tells  the  system 
to  look  for  the  error  in  every  equation.  In  place 
of  ALL,  the  analyst  may  substitute  an  equation 
number  or  several  equation  numbers — each  separated 
by  a  blank  space. 

CHANGESYM  -  used  to  change  the  variable  declaration  type  of  vari¬ 
ables  already  entered  and  declared  in  the  model.  When 
properly  used,  it  appears  as  follows: 

CHANGESYM  DEFINITION  XOIN; 

Where  DEFINITION  is  the  new  variable  type  desired  and 
XOIN  is  the  variable  in  question.  More  than  one 
variable  may  be  listed,  provided  that  they  are  separated 
by  spaces. 
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DELEQ  -  used  to  delete  equations  already  in  the  model.  This 
command  erases  the  equation  in  question  and  auto.- 
matically  renumbers  all  equations  that  follow  it  in 
the  model.  It  does  not  remove  the  variable  names  used 
by  the  equation  from  the  lists  of  variable  types.  This 
must  be  done  separately  by  the  analyst  using  the 
DELSYM  command.  When  properly  used,  the  DELEQ  command 
appears  as  follows: 

DELEQ  16; 

Where  16  refers  to  the  number  of  the  equation  to  be 
deleted.  More  than  one  equation  number  may  be  listed, 
provided  that  all  numbers  are  separated  by  spaces. 


DELSYM  -  used  to  remove  variable  names,  .■■■.gardless  of  variable 
type  from  the  lists  of  variable  names.  Only  variables 
that  do  not  appear  within  the  body  of  the  model  may 
be  removed.  Therefore,  an  analyst  may  need  to  use 
DELEQ  first. 

The  proper  forms  of  this  command  are, 

DELSYM  KIMB; 

DELSYM  KIMB  K1EP  A.KITOT; 

FILEMOD  -  used  to  permanently  store  a  revised  model.  If  the 
command  is  entered: 

FILEMOD; 

the  model  will  be  filed  under  the  name  given  in  the 
USEMOD  command  as  noted  earlier.  If  the  analyst  de¬ 
sires  this  revised  model  to  be  stored  under  a  new 
name  (SEMREC2,  for  example),  the  command  should  be, 

FILEMOD  SEMREC2 ; 

PRINT  or  PRTMOD  -  used  to  print,  on  a  terminal,  any  portion  of  a  model. 

PRINT  is  only  used  when  the  system  is  asking  for  a 
MODEDIT  COMMAND.  All  of  the  following  are  proper 
commands: 


PRIMOD  EQ  20;  also  PRINT 
PRTMOD  EQ  TOP  TO  BOTTOM;  also  PRINT 
PRTMOD  SYM  ALL;  also  PRINT 
PRTMOD  SYM  ENDOGENOUS  PARAMETER; 
also  PRINT 
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CEDIT  commands  are  used  to  alter  and  examine  the  coefficient 
file1  that  contains  names  and  values  for  all  constants  and  parameters  used 
by  the  model.  The  coefficient  file  is  named  after  the  model  and  no  USEMOD 
command  needs  to  be  entered  before  using  the  CEDIT  commands.  However,  the 
following  command  must  precede  any  of  the  low-level  CEDIT  commands: 

CEDIT  SEMREC3 ; 

after  which  the  TROLL  system  will  respond  with: 

CEDIT  COMMAND:. 


The  following  are  the  most  commonly  used  CEDIT  commands: 


ADD  -  inserts  new  constants  and/or  parameters  into  the 
coefficient  file.  The  following  is  proper: 

ADD  C1202  14.178; 

The  above  command  enters  a  constant  or  parameter 
named  C1202  into  the  constant  file  whose  value  is 
14.178. 

DELETE  -  removes  both  a  constant  or  parameter  already  named 

within  the  coefficient  file  and  the  value  associated 
with  it.  The  value  of  the  constant  or  parameter 
need  not  be  stated  in  the  DELETE  command — it  is 
automatically  deleted.  The  following  are  correct: 

DELETE  C118; 

DELETE  C257  ALT1; 

PRINT  -  used  to  examine  constants  or  parameters  located  in 
the  coefficient  file.  The  following  are  correct: 

PRINT  ALT 8; 

PRINT  C1107  C1201  ALT10; 

REPLACE  -  used  to  replace  a  value  associated  with  a  constant 
or  parameter  already  located  within  the  coefficient 
file.  The  following  are  correct: 

REPLACE  C854  16.2; 

REPLACE  C201  6; 


1  also  known  as  the  constant  file 
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D.  Running  A  Model  Simulation 

1.  Initiating  and  Executing  a  Simulation 

If  the  model  specifications  and  symbol  declarations  are  set 
properly  for  the  desired  simulation  and  a  search  list  is  specified  to  in¬ 
troduce  the  initial  conditions,  the  user  is  ready  to  simulate.  .  Two  steps 
should  be  taken,  however,  to  insure  the  appropriate  input  dataset  will 
be  created  for  the  simulation.  The  command  should  be  given: 

TROLL  COMMAND.  DELETE  DSET  SEMREC3 ; 

The  input  DSET  is  always  given  the  name  of  the  model  by  TROLL.  If  such  a 
DSET  is  already  stored  in  the  files,  it  will  be  used  by  TROLL  in  simu¬ 
lation,  even  if  it  has  been  created  using  a  different  search  list.  If  it 
is  not  deleted  and  the  model  has  been  edited,  the  simulation  command  will 
produce  the  error  message  that  the  DSET  does  not  correspond  to  the  model. 
If  there  has  been  no  editing,  the  model  may  simulate  using  the  wrong  data. 
If  the  DSET  had  already  been  deleted  by  troll,  the  delete  command  above 
will  elicit  the  warning: 

FILE(S)  NOT  FOUND- 
DSET  SEMREC3 


The  warning  can  be  ignored  (it  is  not  an  error)  and  the  user  can  proceed. 

If  the  DSET  was  found  and  deleted,  the  terminal  will  merely  prompt  for 
another  TROLL  COMMAND.  The  user  should  also  check  the  search  list  before 
simulating  to  be  certain  it  is  correct.  This  is  done  by  giving  the  command 

TROLL  COMMAND.  LKSEARCH  DATA: 

TROLL  responds  with  the  search  list  in  effect. 
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To  initiate  the  simulation  of  the  model  (specified  in  a  USEMOD 
SEMREC2  command  previously  given,  the  user  enters  the  command: 

TROLL  COMMAND.  SIMULATE; 

The  troll  system  incorporates  a  number  of  options  associated  with  the 
simulate  command,  but  these  are  primarily  useful  in  testing  a  new  model 
and  will  not  be  covered  here.  The  command  simulate  triggers  a  series  of 
actions  by  TROLL  that  prepares  for,  but  does  not  start  the  simulation 
process.  Troll  creates  the  input  dataset,  analyzes  the  model  to  normalize 
each  equation  on  an  endogenous  variable  or  definition  and  forms  a  block 
structure1,  and  creates  the  code  by  which  the  model  is  simulated.  This 
is  a  time-consuming  process  and  the  system  may  print  blips  (usually  a  '%') 
to  indicate  that  it  is  still  working  though  no  prompts  have  been  printed. 

If  the  model  has  not  been  edited  since  the  last  simulation  and  the  code  was 
saved  via  a  FILEMOD  command,  the  same  normalization,  block  structure,  and 
code  are  used,  so  that  only  the  DSET  is  created.  The  following  is  a  typical 
sequence  of  commands  and  responses: 

TROLL  COMMAND.  SIMULATE; 

CREATING  DSET  SEMREC3A 

%%%  ANALYZING  MODEL 

%%%%  GENERATING  CODE  TO  SAVE  CODE  TYPE  FILEMOD; 

%  SIMULATIONS  CAN  BEGIN  FROM  1973  TO  1976  AND  MUST 

END  BY  1985 

SIMULATE  COMMAND.  FILEMOD; 


1  This  block  structure  is  not  the  same  as  the  conceptual  breakdown 
into  investment  block,  production,  etc.,  but  rather  is  used  by  TROLL 
for  the  simulation  process  and  groups  equations  into  sets  of  simultaneous 
equation  blocks  in  the  order  they  are  solved. 
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The  instructions  from  TROLL  on  the  bounds  of  the  simulat?  •  n  period  are 
based  on  the  data  supplied.  Exogenous  values  are  required  for  every  year 
of  the  simulation  and  a  starting  value  is  required  for  each  endogenous 
variable.  Thus,  if  endogenous  variable  data  files  were  all  extended 
beyond  1976,  simulations  could  begin  later.  If  exogenous  variables  were 
supplied  prior  to  1975  and  beyond  1985,  the  permissible  simulation  bounds 
would  be  expanded. 

At  this  point,  the  simulation  can  be  executed.  Three  commands 
are  required — to  give  a  start  date;  to  give  an  end  date,  and  to  file  and 
name  the  output  dataset.  If  no  name  is  given  to  the  output  dataset  it  is 
called  OUTPUT  by  TROLL  and  the  next  simulation  will  delete  it  and  replace 
it  with  a  new  output  DSET  called  OUTPUT.  These  commands  are  given  as  follows: 

SIMULATE  COMMAND.  SIMSTART  1976; 

SIMULATE  COMMAND.  DOTIL  1985;  FILESIM  SEMSIM; 

TROLL  COMMAND. 

When  the  prompt  TROLL  COMMAND,  is  printed,  the  user  knows  the  simulation  has 
been  successfully  run. 

2.  Obtaining  Simulation  Output 

The  output  of  a  simulation  is  not  printed  until  the  user  asks  for 
it  and  specifies  the  format.  The  output  of  a  single  simulation  may  be  dis¬ 
played,  or  a  number  of  output  datasets  displayed  together  for  purposes  of 
comparison.  The  command  which  displays  the  output  is  the  PRTDSET  command. 

The  variables,  range  of  periods,  and  output  DSETS  used  must  be  specified 
with  this  command.  The  following  command  initiates  the  printing  of  all 
endogenous  variables  in  the  output  dataset  SEMSIM  and  SEMBASE  for  the  period  1976  to 
1985: 


TROLL  COMMAND.  PRTDSET,  VARIABLES  ENDOGENOUS, 
RANGE  1976  TO  1985,  DSETS  SEMSIM  SEMBASE; 
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TROLL  responds: 


SIMULATION  OUTPUT  BY  VARIABLE 
ADLVR  -  SEMSIM  SEM  BASE 

1976  -  - 

1977  -  - 

and  so  on.  If  the  range  is  specified  in  the  command  first,  TROLL  responds: 

SIMULATION  OUTPUT  BY  YEAR 

1976  -  SEMSIM  SEMBASE 

ADLVR  -  - 

AVCP70  -  - 


If  the  DSETS  are  specified  first,  they  are  printed  separately,  the  structure 
of  the  output  depending  on  the  order  of  the  range  and  variables  lists 
specifications.  TROLL  also  permits  the  user  to  obtain  graphic  displays  of 
simulation  output  with  the  PLTDSET  command.  Datasets  that  have  been  filed 
are  saved  from  session  to  session.  Output  datasets  should  be  given  names 
descriptive  of  the  particular  simulation  (e.g.,  SEMBASE)  and  periodically 
deleted  when  no  longer  needed  to  keep  disk  records  available.  The  command  is 

TROLL  COMMAND.  DELETE  DSET  SEMSIM; 

Datasets  can  also  be  converted  to  datafiles.  This  would  be 
useful,  for  instance,  if  the  user  needed  data  for  a  variable  that  is  endo¬ 
genous  in  SOVMOD  and  exogenous  in  SEMREC.  The  exogenous  data  for  the 
SEMREC  variable  for  1976  .to  1985  can  be  drawn  from  an  output  DSET  of  a 
SOVMOD  simulation  of  that  period.  If  the  variable  is  BAO,  the  SOVMOD 
simulation  in  SOVI,  then  the  command  is: 


TROLL  COMMAND.  CRDATA  DSETS  SOVI,  RANGE  1976  TO  1985,  VARIABLES  BAO; 


The  CRDATA  command  creates  the  data  file  and  stores  It  in  an  archive  with 
the  name  of  the  dataset  it  comes  from,  e.g.,  SOVI_  BAO. 

3.  Commands  Associated  with  Model  Simulation 

Simulations  are  initiated  with  the  following  high-level  command: 
SIMULATE; 

at  which  time  the  system  Informs  the  user  of  progress  it  is  making  through 
the  various  stages  of  simulation.  Eventually  the  system  will  respond  with: 

GENERATING  DSET  SEMREC3  -  if  the  DSET  SEMREC3  was 
deleted,  as  noted  earlier 

ANALYSING  MODEL  -  if  the  model  has  been  edited 
GENERATING  CODE  -  if  the  model  has  been  edited 
SIMULATIONS  CAN  BEGIN  FROM  1973  TO  1976  AND  MUST  END  BY  1985 
SIMULATE  COMMAND:  . 

At  this  point  TROLL  wants  to  know  three  things: 

1.  the  year  simulation  is  to  begin; 

2.  the  year  simulation  is  to  end;  and 

3.  the  desired  name  of  the  data  set  under  which  the 
simulation  results  are  to  be  filed. 

All  of  this  is  accomplished  by  entering  the  following  on  one  line: 

SIMSTART  1973;  DOTIL  1985;  FILES IM  RELCONTR : 

Where  RELCONTR  is  the  analyst  desired  name  of  the  new  DSET 

after  which  the  system  will  respond: 

TROLL  COMMAND:  . 
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The  results  of  a  simulation  are  stored  in  a  dataset  named  in 
the  SIMULATE  command  listed  above.  To  view  this  dataset  or  several 
data  sets,  enter  the  following: 

PRTDSET,  (This  initiates  the  printing  of  data  set(s) 
procedure. ) 

After  the  system  responds,  enter: 

VARIABLES  (Thereby  telling  the  system  you  are  about 
to  enter  the  names  of  the  variables  you 
want  to  see.  Note  there  is  no  comma.) 


After  the  system  responds,  enter: 

GNP  GNPNA  XOIN  XOMB  KITOT,  (Or  whatever  variables  the  analyst 

desires.  Note  that  a  comma 
ends  the  list.) 


Then  enter: 


RANGE  1976  TO  1985,  (Or  whatever  the  analyst  wants  to  see) 
This  is  followed  by: 

DSETS  (Again,  no  comma) 

Finally  enter: 

RELCONTR  SEMBASE  B10NCD;  (Or  whatever  data  sets  the 

analyst  desires.  Note  the 
semi-colon. ) 

The  system  will  respond  by  printing  back  the  desired  results. 


E.  Common  Errors 

In  this  section  some  errors  most  commonly  encountered  in  using 
SEMREC/SOVMOD  on  troll  will  be  discussed.  Along  with  the  error  message 
an  attempt  will  be  made  to  indicate  the  cause  and  corrective  action 
indicated. 

1.  Frequent  Errors  Throughout  A  Session 


ERROR  MESSAGE 


NOT  A  COMMAND 


FILE(S)  NOT  FOUND 


MODEL  NOT  FOUND 


This  message  indicates  that  a  command  was 
misspelled  or  that  a  low-level  command  was 
given  when  a  high-level  command  was  required. 
Retype  the  command  and  give  the  proper  high- 
level  command  first  if  appropriate. 

A  filename  was  misspelled,  an  archive  name 
was  wrong  or  missing,  or  the  search  list  is 
misspecified.  Retype  the  command  and  ex¬ 
amine  and  correct  the  search  list  if  necessary. 

The  USEMOD  command  was  not  given,  or  a 
model  name  was  not  specified  in  a  MODEDIT  command 
Give  a  USEMOD  command  before  retyping  your 
last  command. 


Frequent  Errors  in  Editing 
Error  Message 


Coefficients  or  the  Model 


NEW  SERIES 


NEW  MODEL 


This  is  a  warning  from  troll,  not  necessarily 
an  error.  If  the  user  intended  to  edit  an 
existing  series,  then  he  has  misspelled  the 
name  or  failed  to  give  the  proper  archive 
name.  Retype. 

This  is  a  warning  from  troll,  not  necessarily 
an  error.  If  the  user  intended  to  edit  an 
existing  model,  he  has  misspelled  the  name 
of  the  model  or  has  stored  the  model  in  the 
working  space  of  another  user.  If  the  model 
is  stored  elsewhere,  enter  the  appropriate 
ACCESS  and  SEARCH  commands. 


DATA  GIVEN  DOES  NOT 
FALL  WITHIN  CURRENT 
BOUNDS  FOR  THE 
SERIES 


This  error  is  likely  to  occur  while  entering 
any  of  the  DEDIT  commands.  It  indicates 
that  the  user  has  attempted  to  manipulate 
data  in  an  already  existing  data  file  for 
years  not  contained  within  the  file.  Retype 
the  DEDIT  command  with  appropriate  years, 
or  expand  the  data  file  to  Include  the 
desired  years. 


NOT  A  CHANGEABLE 
TYPE 


SYMBOL  CANNOT  BE 
DELETED 


This  error  is  likely  to  occur  after  the 
analyst  has  entered  either  a  MODEDIT  or 
DEDIT  command.  It  is  usually  the  result  of 
a  typographical  error  and  the  command 
should  be  retyped  and  entered. 

This  error  occurs  after  the  DELSYM  command 
has  been  entered.  The  TROLL  system  as  a 
built-in  safeguard  will  not  permit  the  user 
to  delete  variable  names  from  the  list  of 
variables  associated  with  a  given  model  if 
the  symbol  in  question  appears  anywhere 
within  that  model.  If  the  symbol  must  be 
deleted,  the  analyst  must  first  delete  all 
equations  that  contain  the  symbol,  then 
enter  the  DELSYM  command. 


INVALID  CONSTANT  This  error  occurs  while  manipulating  a 

NAME  constant  file  and  is  probably  the  result 

of  a  typographical  error.  Constant  names 
must  begin  with  a  letter  and  may  contain 
only  letters,  periods,  and  numbers.  Further, 
constant  names  may  be  only  eight  characters 
long.  Either  rename  the  constant  or 
correct  and  re-enter  the  command. 


3.  Frequent  Errors  in  Simulation 


ERROR  MESSAGE 

NOT  ENOUGH  While  analyzing  the  model  for  simulation 

STORAGE  purposes,  the  TROLL  system  determines  the 

amount  of  storage  capacity  required.  To 
correct  this,  the  analyst  must  expand  his 
storage  (automatically  given  by  default). 
The  error  message  will  state  how  much 
storage  is  required  for  simulation,  but  in¬ 
creasing  the  amount  by  25%  is  recommended. 


102 


JACOBIAN  MATRIX 
IS  POORLY  SCALED 
OR  NEARLY 
SINGULAR 


RANGE  FOR  VARI¬ 
ABLES  IS  DISJOINT 
FROM  OTHERS  AFTER 
LAGS  HAVE  BEEN 
TAKEN  INTO  ACCOUNT 


ITERATION  LIMIT 
EXCEEDED  IN  YEAR 
ITERATION  _ . 


DIVERGENCE 
OCCURRED  IN 
ITERATION  YEAR 


DATA  FILES 
MISSING 


SI 


! 

This  error  nay  be  the  result  of  a  scale 
problem,  but  is  generated  when  the  ratio 
of  the  largest  pivot  of  the  Jacobian 
matrix  to  the  smallest  pivot  is  greater 
than  10®.  To  correct  this  problem  enter: 

CONOPT  MAXRAT  1E14; 

Even  though  the  analyst  has  supplied  data 
for  all  indogenous  and  exogenous  variables, 
lags  within  the  model  may  require  additional 
information  from  the  analyst.  The  variable 
in  question  will  automatically  be  printed 
on  the  terminal  at  the  conclusion  of  the 
error  message.  The  problem  can  be  solved 
usually  by  expanding  the  data  file  in 
question  through  the  use  of  the  DEDIT 
commands,  but  may  also  be  overcome  by  al¬ 
tering  the  search  list  thereby  using  data 
from  other  archives. 

The  default  limit  for  iterations  in  the 
TROLL  system  is  10.  This  error  may  be  the 
result  of  data  problems  or  a  model  im¬ 
properly  specified  by  the  analyst.  The 
problem  can  be  solved  by  altering  the  con¬ 
vergence  criterion  (CONOPT  CONCR  .01;)  or 
by  adjusting  upwards  the  maximum  number  of 
iterations  allowed  (CONOPT  STOP  25;). 

This  problem  may  be  the  result  of  poor 
exogenous  data  or  a  poorly  specified  model. 

Careful  attention  should  be  given  to  assumptions 
embodied  in  the  exogenous  data.  If  problems 
are  discovered  in  the  data  they  may  be 
corrected  through  the  use  of  DEDIT  commands. 

Problems  discovered  within  the  model  may  be 
corrected  through  the  use  of  the  MODEDIT 
commands.  The  divergence  criterion  can  be 
altered  by  entering  CONOPT  DIVCR  25;. 

Finally  the  analyst  may  "correct"  this 
problem  instructing  the  system  to  begin 
testing  the  model  after  the  iteration  in 
question.  This  can  be  done  by  entering 
CONOPT  START  5;  (indicating  tests  for  di¬ 
vergence  should  begin  at  iteration  number  5. 

The  first  phase  in  simulation  involves  the 
generation  of  an  input  data  set  containing 
historical  values  for  all  endogenous 
variables.  Lagged  values  for  all  variables 

i 
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DSET  DOES  NOT 
CORRESPOND  TO 
MODEL 


ATTEMPT  TO  TAKE 
LOG  OF  A  NON¬ 
POSITIVE  NUMBER 


DEFINITION  OR 
CONSTRUCT  USED 
BEFORE  IT  IS 
DEFINED 


MODEL  HAS  FEWER 
'MORE)  ENDOGENOUS 
VARIABLES  THAN 
EQUATIONS 


are  also  included.  This  error  indicates 
that  data  cannot  be  located  for  on-?  or  more 
variables.  The  problem  may  be  corrected  by 
altering  the  search  list,  or  by  creating  new 
data  files  for  the  variables  in  question. 

This  error  is  the  result  of  altering  the 
model  in  any  fashion  and  beginning  simulations 
without  previously  deleting  the  input  data 
set.  The  problem  can  be  corrected  by  entering 
DELETE  DSET  SEMREC;  and  then  beginning  the 
model  simulation. 

This  problem  may  be  the  result  of  poor  data, 
scale  problems  or  errors  within  equations, 
the  command  LIST  ITER  <  variable  name  or 
names  >;  and  begin  the  simulation  process 
again.  This  command  will  cause  the  TROLL 
system  to  print  iteration  values  of  suspect 
variables.  This  may  lead  to  altering 
exogenous  data  or  careful  attention  paid  to 
model  specifications. 

During  simulation,  the  TROLL  system  breaks 
the  model  into  numerous  blocks,  solving 
block  1  first  and  then  proceeding  to  block  2 
and  so  on.  This  error  appears  if  a  variable 
declared  to  be  a  definition  appears  within  a 
block  prior  to  the  block  that  contains  the 
equation  defining  the  variable  a  question. 

The  problem  can  be  corrected  by  putting  all 
equations  written  as  definitions  at  the 
beginning  of  the  model. 

The  number  of  equations  written  as  definitions 
must  equal  the  number  of  variables  declared 
to  be  definitions.  The  number  of  equations 
written  otherwise  must  equal  the  number  of 
variables  declared  to  be  endogenous.  To 
correct  this  problem  the  variables  list  must 
be  printed  and  all  endogenous  variables  and 
definitions  must  be  manually  checked  with 
individual  equations.  It  is  not  possible, 
with  large  models  to  visually  scan  the 
equations  and  identify  the  variables  on  which 
the  TROLL  system  is  normalizing.  The  command 
LKORD;  wil]  cause  the  TROLL  system  to  print 
each  equation  by  number  and  the  normalized 
variable  associated  with  it.  Such  a  listing 
will  help  the  analyst  to  determine  the 
problem  variable  (variables)  or  equation 
(equations) . 
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F.  A  Recap  on  Running  the  Model 

1.  Initial  Conditions 


In  SEMREC3A,  the  procedure  for  generating  a  set  of  initial  conditions 
for  capital  stock  to  run  a  scenario  is  greatly  simplified  from  the  point  of 
view  of  the  analyst.  He  no  longer  has  to  worry  about  calculating  the 
capital  stocks  for  the  initial  recovery  year  or  providing  reduced 
investment  flows  given  exogenously  from  peacetime. 

The  analyst  needs  to  provide  the  model  only  with  percentage  reductions 
in  branch  and  sector  capital  stocks.  These  are  represented  in  the  model  as 
exogenous  variables  (DK  ;  the  variable  K  is  the  capital  stock 

affected.  Note  that  capital  stock  for  the  current  year  is  endogenous.  It 
is  calculated  by  adding  capital  formation  last  year  to  the  initial  capital 
stock  last  year.  Therefore,  if  reduction  in  capital  stock  is  to  occur  one 
time  only  (it  becomes  a  permanent  reduction,  i.e.,  growth  in  capital  stock 
is  achieved  only  via  succeeding  capital  formation),  the  DK  variable 

is  set  to  the  ratio  of  capital  removed  to  total  for  the  year  before  the 
reduction  is  to  take  place.  That  is,  if  the  capital  stock  of  the  soft 
goods  branch  is  to  be  reduced  by  5  percent  in  1976  (for  purposes  of  example 
only),  then  DKISG  should  be  set  to  .05  for  1975  and  set  to  zero  for  every 
other  year.  The  model  automatically  calculates  the  new  capital  stock  by 
reducing  the  net  value  of  the  1975  capital  stock  carried  over  to  1976  and 
reduces  capital  formation  and  investment  flows  appropriately  as  well. 

Thus,  in  periods  later  than  1976  capital  formation  depends  on  lagged 
investment  which  predates  1976,  those  investment  flows  will  be  reduced  by 
the  same  percentage  as  the  capital  stock  in  the  branch  or  sector.  Some 
capital  formation  equations  contain  investment  lagged  five  periods. 

Population  initial  conditions  can  be  reset  by  generating  a  new 
population  data  archive  and  placing  it  on  the  SEARCH  list  prior  to  existing 
population  archives.  Data  are  required  for  total  population  (NP0P9)  and 
able-bodied  population  (NP0PAB9).  These  are  both  exogenous  variables  and  a 
value  for  each  year  of  the  simulation  must  be  supplied.  Several 
alternative  population  archives  are  available  with  the  model. 
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2.  Setting  Analyst  Levers 

There  are  two  types  of  analyst  levers  that  must  be  set  for  a  model 
simulation.  The  first  type  is  priority  weights.  They  implicity  enter  the 
cost  function  for  the  balancing  mechanism  and  explicitly  appear  in  the 
adjustment  equations.  The  higher  the  weight  on  an  adjusted  variable,  the 
more  likely  the  mechanism  will  find  a  solution  which  minimizes  the  change 
in  that  variable  from  the  initial  value.  Both  of  these  sets  of  priority 
weights  are  treated  as  coefficients  by  the  model;  there  is  one  value  stored 
for  each  that  applies  to  every  period  and  thus  they  are  altered  by  a  CEDIT 
command  prior  to  simulation  (it  is  not  necessary  to  have  a  new  input  DSET 
created  for  simulation  as  is  required  after  MODEDIT  commands).  The 
adjustment  weights  are  normally  set  to  1.0  for  all  adjustments.  This  sets 
priorities  on  all  outputs  and  end-uses  to  be  equal.  Note  that  weights  are 
important  in  a  relative  sense,  i.e.,  with  one  weight  set  at  2.0,  an  output 
adjustment  in  one  sector  would  be  twice  as  "costly"  as  an  adjustment  in  any 
other  sector  in  achieving  balance.  Changes  in  the  weights  would  be  made 
interactively  in  running  a  scenario.  That  is,  if  a  model  simulation  shows 
too  great  an  adjustment  in  an  output  or  end-use  that  was  required  to 
achieve  balance,  then,  in  the  next  simulation,  that  sector's  adjustment 
weight  should  be  increased  (possibly  doubled  as  a  first  guess).  It  is 
likely  that  as  a  weight  is  increased  successively,  changes  in  the  simulated 
adjusted  value  will  be  smaller  with  each  simulation  until  no  solution  can 
be  found.  A  real  bottleneck  will  be  indicated  at  that  point,  and  changes 
in  targets  for  other  variables  would  be  required  to  reduce  the  adjustment 
needed  to  obtain  balance.  On  the  whole,  these  sorts  of  calibrations  are 
not  required  for  moderate  variants  from  the  basic  scenario  and  should  only 
be  undertaken  after  the  analyst  has  a  good  feel  for  how  the  model  behaves. 

The  other  types  of  analyst  lever  affects  the  target  functions  in  the 
model,  that  is,  how  initial  values  supplied  to  the  balancing  system  are 
set.  These  levers  are  stored  as  exogenous  data  variables.  When  the  model 
is  run  in  peacetime  mode,  the  functions  reproduce  historical  values  over 
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the  pre-recovery  period  for  consumption.  Investment,  and  foreign  trade. 

For  the  recovery  period,  the  analyst  selects  values  for  exogenous  variables 
in  the  equations  which  modify  the  setting  of  targets  for  end-uses  (the 
P. _ ): 

o  Consumption  -  the  anlayst  determines  the  share  of  per 
capita  consumption  on  each  category  in  1975  to  be 
maintained  in  the  recovery  period,  e.g.,  GAMMA;  a 
growth  rate  is  built  into  each  equation  (e.g.,  BETAD, 
the  historical  rate  of  growth  is  the  default  value)  to 
move  the  targets  over  time. 

o  Investment  -  total  non-ag,  ag  machinery,  ag 

construction:  this  equation  sets  a  base  level  and 
growth  rate  for  each  category  (default  values  reproduce 
historical  trends);  the  model  automatically  reduces  the 
base  level  of  investment  (e.g.,  ETAINA)  concomitant 
with  the  reduction  in  capital  stock  for  recovery  which 
then  grows  at  historical  rates  (e.g.,  ZETAINA,  the 
growth  rate  can  be  altered  by  the  anlayst  if 
desired) — a  provision  for  entering  year  by  year 
departures  from  the  trend  is  also  provided  (e.g., 

DELTAINA —  the  natural  log  of  an  analyst-desired  change 
in  a  non-ag  investment) 

o  By  Sector  and  Branch  -  investment  flows  to  sector  and 
branch  are  determined  by  eogenously  set  shares  of  the 
appropriate  investment  aggregate  (after  the  aggregates 
are  adjusted  in  the  balancing  mechanism);  default 
values  are  historical  shares  (1975),  are  stored  as 
exogenous  data,  and  may  be  altered  by  the  analyst  for 
any  year  desired 

o  Foreign  Trade  -  the  foreign  trade  equations  are  really 
two  alternative  functions  linked  together —  the  SOVMOD 
peacetime  formulation  and  a  target  function  (base 
level,  growth  rate,  and  analyst-  determined  derivation 
as  for  investment — if  the  MU  variable  is  set  to  1,  the 
SOVMOD  equation  is  used,  if  the  KAPPA  variable  is  set 
>0,  the  target  function  is  used.  (Note:  If  KAPPA  is 
set  to  a  value  greater  than  0,  MU  -  0). 

o  Government  Expenditure  -  for  Rand  D  budget  (P.BRD)  and 
administration  and  other  budget  (P.BAO),  the  standard 
target  functions  are  used  (default  values  reproduce 
historical  trends — SIGMABRD  is  the  base  level,  10TABRD 
is  the  growth  rate  and  NUBRD  is  an  exogenous  deviation 
that  may  be  determined  by  the  analyst. 
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The  setting  of  these  levers  is  explained  in  greater  detail  in  preceding 
sections.  Remember,  these  determine  the  initial  (P.)  values  which  are  then 
subjected  to  balancing  and  adjustment.  See  the  checksheet  on  levers,  which 
follows . 

3.  Doing  the  Simulation 

Once  analyst  levers  are  set  and  initial  conditions  specified, 
little  is  involved  in  running  the  model.  The  SIMULATE;  command  will  cause 
the  creation  of  an  input  dataset  if  no  dataset  with  the  name  SEMREC3 
exists.  This  input  dataset  will  be  created  according  to  the  search  list. 
Archives  containing  initial  conditions  and  analyst  levers  to  be  set  at 
other  than  default  values  should  be  searched  before  the  archives  entered  in 
the  search  list,  by  the  command: 

TROLL.  &SRCHREC3 

A  sample  search  list  with  required  archives  in  addition  to  the  basic  data 
appears  in  the  table  following.  This  is  in  the  form  of  a  macro  statement 
(&SRCHBASE)  which  was  supplied  with  SEMREC3,  along  with  the  listed  data 
archives;  but  the  search  list  can  be  created  with  individual  TROLL 
commands . 

When  the  search  list  is  as  desired,  merely  give  the  command: 

SIMULATE;  change  any  levers  in  coeffieicnt  files  prior  to  this,  but  it  does 
not  affect  the  input  DSET.  TROLL  creates  the  DSET,  analyzes  the  model  and 
generates  the  code.  It  then  asks  for  a  simulate  command.  The  model  can 
currently  be  run  from  1973  to  1985  but  starting  no  later  than  1976.  Given 
the  commands  SIMSTART  year;  DOTIL  year;  FILESIM  followed  by  a  name  for  the 
dataset  in  which  simulation  values  will  be  filed.  When  the  system  prompts 
a  TROLL  COMMAND  the  simulation  has  been  completed.  You  can  obtain  solution 
values  for  specified  variables  with  the  PRTDSET  command  (see  preceding 
sections) . 


Table  IV-3 

Sample  Search  Lists  for  SEMREC3 


Basic  Data 

Macro  SRCHREC3 

TROLL  COMMAND.  &SRCHREC3 

(Executes  the  following) 

DELSEARCH  ALL; 

SEARCH  FIRST  DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

SAMPLE  SCENARIO  DATA 
Macro  SRCHBASE 
TROLL  COMMAND.  &SRCHBASE 
(Executes  the  following) 

&SRCHREC3 

SEARCH  FIRST  DATA 
DATA 
DATA 
DATA 
DATA 
DATA 


BASEXM  (forei8n  trade  levers) 
BASEC2  . (consumption  levers) 

BASEI  (investment  levers) 

BASER  (capital  stock  reductions) 
NCD  (population  changes) 


SHARES  (factor  shares  of  GVO) 

INV  (other  final  demand) 

MISC  (default  files  for  levers) 
DBASE  (final  demand  definitions) 

ENERGY  (ener«y  block  variables) 

FLOW  1  (GVOs) 

BALANCE  (special  balancing  variables) 
102  (I-o  coefficients) 

MINPUT  (material  inputs) 

USSR  (basic  SOVMOD  databank) 
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Table  IAM 


Checksheet  for  Analyst  Levers 


Lever 


Name 


Stored  As 


Labor/Capital  Ratios 

RNKEP ,  etc . 

coefficients 

Balance/Adjustment 

A01-A20 

coefficients 

Weights 

A21-A40 

Consumption  Targets 

GAMMAD,  etc. 

exogenous 

variable 

BETAD,  etc. 

exogenous 

variable 

Investment  Targets 

DELTAINA,  etc. 

exogenous 

variable 

ZETAIAM,  etc. 

exogenous 

variable 

Investment  Shares 

IRMB9,  etc. 

exogenous 

and  Military 
Procurement , 

variable 

Military  Durables 

MDMIDP 

exogenous 

Foreign  Trade 

MU1  through 

exogenous 

MU25 

variable 

KAPPA1  through 

exogenous 

KAPPA25 

variable 

PSI1  through 

exogenous 

PSI28 

variable 

RH01  through 

exogenous 

RH028 

variable 

Government 

NUBAO  and 

exogenous 

Expenditure 

NUBRD 

variable 

IOTABAO  and 

exogenous 

I0TABRD 

variable 

SIGMABAO  and 

exogenous 

SIGMABRD 

variable 

Comment 


default  *  1975  values 

default  ■  1.0 
default  =  1.0 

multiplier  on  per-capita 
default  *  1.0 
growth  parameter t default 
=  historical 

log  of  multiplier,  one¬ 
time  shock  default  *  0 
growth  parameter  default 
=  historial 

default  ■  1975  values 
ag.  +  non  ag.  must  *  1; 
sum  of  shares  for  sectors 
must  *  1;  sum  of  shares 
for  branches  of  industry 
must  =  1 

analyst  target  (see  p  1-45) 
MU  =  1  peacetime  formula¬ 
tion.  MU  =  0,  SEMREC 
formulation  (default) 
if  MU  -  1,  then  KAPPA 
can  be  set  to  fraction  of 
historical  trend  to  be 
maintained  (default, 

KAPPA  -  1) 

log  of  multiplier,  one 
time  shock,  default  *  0 
growth  parameter,  default 
=  historical 

log  of  multiplier,  one 
time  shock,  default  *  0 

use  default 

use  default 
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Table  IV-4  (Cont'd) 


t 


Checksheet  For  Analyst  Levers 


Lever 

Name 

Stored  As 

Comment 

Initial  Conditions 

NP0P9  and 

exogenous 

actual  population 

Population 

NP0PAB9 

variable 

estimates,  default  is 
demographic  projections 

Capital  Stock 
Reduction 

DKICP ,  etc. 

RXTGAN, 

RXTOIP 

exogenous 

variaLla 

fraction  of  capital 
stock  reduction  (25%, 
DKICP  -  .25)  default  *  0 

Declines  back  to  1  over 
period 

1.  Coefficients  are  changed  by  CEDIT  COMMAND. 


2.  Exogenous  variables  are  generated  by  DEDIT 
COMMAND,  create  archives  for  simulation  SEARCH 
list. 

3.  To  obtain  values  for  each  lever  of  a  class. 

(exogenous  variables  DELTA _ ,  for  example) 

type  PRTDATA  DELTA***.  To  print  every 
variable  in  an  archive,  (BASER,  for  example) 
use  PRTDATA  BASKET  _  >. 

NOTE:  For  guidance  in  setting  analyst  levers,  see  SEMREC3A; 

Baseline  Soviet  Recovery  Case;  CEPR-TN-8 156-2. 
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APPENDIX  Is 

SEMREC  User's  Guide:  Revised  Model  with 
Disequilibrium  Adjustment 
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I.  Introduction 

The  current  version  of  the  SEMREC  model  is  the  result  of  a  major 
revamping  of  the  disequilibrium  adjustment  mechanism  which  was  used  in  the 
SEMREC2  model  presented  in  the  last  revision  of  the  User's  Guide.  This 
respecification  means  that  SEMREC3A  represents  an  improved  tool  for  the 
analyst  and  will  provide  a  more  realistic  picture  of  the  recovery  process 
via  the  Imposition  of  internal  consistency  with  respect  to  the  sources  and 
uses  of  sectoral  outputs  both  for  material  Inputs  (intermediate  uses)  and 
final  uses. 

The  respecification  of  the  disequilibrium  adjustment  mechanism 
involved  the  elaboration  of  the  final  demand  matrix  for  the  base  year  for 
an  expanded  number  of  final  demand  categories  and  including  all  sectors  so 
that  balance  could  be  insured.  The  adjustment  algorithm  was  expanded  to 
provide  for  adjustments  of  final  expenditure  categories  as  well  as  outputs. 
The  input-output  based  final  demand  categories  had  to  be  carefully  related 
to  the  model  concepts  for  expenditures  based  on  GNP  accounting. 

The  Inclusion  of  final  expenditure  adjustments  as  part  of  the 
balancing  scheme  also  permitted  the  respecification  of  the  consumption  and 
Investment  blocks  which  provides  for  a  more  satisfactory  mode  of  analyst 
intervention  in  end-use  determination  than  had  been  the  case  in  the  earlier 
versions.  The  analyst  is  now  able  to  set  targets  for  consumption  and 
investment  items  (in  terms  of  initial  levels  and  growth  rates).  Hie  values 
for  these  variables  are  then  adjusted  to  provide  for  balance  in  the 
production  and  use  of  sectoral  and  branch  outputs.  In  addition,  the 
foreign  trade  block  from  the  SOVMOD  peacetime  model  has  been  modified  to 
incorporate  analyst-determined  assumptions  about  the  levels  and  composition 
of  foreign  trade  in  recovery  and  included  in  SEMREC  III,  whereas  trade 


flows  were  completely  exogenous  In  earlier  versions.  Trade  flows  are  also 
adjusted  by  the  balancing  mechanisms. 


Because  the  disequilibrium  adjustment  mechanism  now  adjusts  gross 
value  of  output  rather  than  the  CIA  output  index  (1970-100)  for  the 
branches  and  sectors,  gross  values  of  output  production  functions  have 
replaced  the  earlier  form.  Bather  than  the  straight  two-factor  Cobb- 
Douglas  formation,  after  estimating  a  broad  variety  of  specifications, 
three-factor  (capital,  labor,  and  material  inputs)  functions  with 
constrained  factor  shares  and  an  estimated  returns-to-scale  parameter  were 
selected.  Thus,  inter-sectoral  deliveries  are  already  considered,  albeit 
at  an  aggregated  level ,  in  determining  the  outputs  before  they  enter  the 
balancing  system.  Because  the  output  indices  are  still  used  to  calculate 
GNP  by  sector  of  origin,  linking  equations  relate  the  adjusted  gross  values 
of  output  to  output  index  values  (note  this  is  a  reversal  of  the  linking 
process  in  the  SEMREC2  specification). 

As  a  result  of  these  modifications,  it  is  possible  to  have  greater 
confidence  in  the  implications  derived  from  model  simulations  than  for 
earlier  versions  of  the  model,  primarily  due  to  the  intersectoral 
relationships  that  are  modeled,  as  well  as  the  links  between  output  and 
end-uses.  Moreover,  an  increased  number  of  analyst  levers  coupled  with 
improved  Implementation  of  the  analyst's  choices  have  been  incorporated 
into  the  model  specification. 
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II.  The  Balancing  and  Adjustment  Mechanism 
A.  Purpose 

As  the  path  of  a  model  simulation  increasingly  departs  from 
historical  experience,  the  possibility  becomes  greater  that  forecasted 
rates  of  growth  among  sectors  and  end-use  components  will  become 
inconsistent  with  the  intersectoral  relationships  and  output-end-use 
relationships  dictated  by  production  technology  and  the  composition  of 
end-use  aggregates.  This,  of  course,  is  the  case  in  simulating  a  recovery 
scenario . 


It  is  therefore  necessary  to  insure  balance  in  the  output  and 
uses  (both  Intermediate  and  final)  of  output  in  the  production  sectors. 

The  initial  values  of  gross  value  of  output  and  final  expenditure 
categories  produced  by  the  macro-model  equations  are  adjusted  to  provide 
for  that  balance.  The  adjustments  are  made  by  the  model  in  such  a  manner 
as  to  minimize  an  objective  function  that  is  a  weighted  sum  of  the  squares 
of  the  individual  adjustments,  that  is  the  deviations  from  the  initial 
targets  for  the  production  and  expenditure  variables. 

The  SEMRGC3A  balancing  mechanism  improves  on  the  earlier  version 
In  a  number  of  aspects  which  provide  for  more  satisfactory  performance.  It 
is  more  comprehensive  in  that  adjustments  are  made  in  both  outputs  and 
expenditure  variables,  thus  increasing  the  ability  of  the  system  to  find  a 
satisfactory  solution.  The  base-year  final  demand  matrix,  critical  to  the 
calculation  of  the  sectoral  output  balances,  is  complete  in  terms  of 
producing  sectors  and  end-use  categories  and  thus  the  coefficients  are 
derived  from  a  balanced  matrix  in  compatible  prices  (1970  producers 
prices).  Conceptual  inconsistencies  between  the  model's  GNP  accounting  and 
the  Soviet  national  income  (net  material  product)  concepts  used  in  the 
reconstructed  input-output  tables  have  been  reconciled  in  the  new  model. 
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B.  Structure 

The  balancing  system  calculates  adjustments  to  initial  output  and 
expenditure  values  via  the  simultaneous  solution  of  the  first-order 
conditions  for  the  minimization  of  the  objective  function.  The  objective 
function  is  a  weighted  sum  of  the  squares  of  the  Individual  adjustments, 
where  the  weights  reflect  the  priority  attached  to  the  specific  output  or 
expenditure  category  (i.e.,  the  greater  the  priority  attached  by  the 
analyst  to  a  target  the  higher  the  weight  attached  to  a  deviation  from  the 
initial  value).  That  is,  it  is  the  objective  to  minimize  the  value  of  D, 
where 

o  2  ,  o  2 

D  “  wt  <yl  “  yt^  +  rf  8i  <xi  xi> 

and  y  ■  adjusted  expenditure  level 
o 

yt  *  initial  expenditure  level 

wt  *  weight  associated  with  the  1th  expenditure  component 

d  »  weight  associated  with  the  expenditure  adjustments 

0  til 

x .  *  initial  output  of  the  i  sector 

x ^  *  adjusted  output  of  the  l  sector 

s^  *  weight  associated  with  the  ith  sector  output 

r  *  weight  associated  with  output  adjustments 

This  minimization  is  accomplished  subject  to  a  number  of  constraints, 
namely  the  balancing  of  output  and  uses  of  output  of  branches  and  sectors 
and  the  overall  balance,  i.e. 

G  •  (I  -  A)X  (gross  values  of  output  less  interindustry  uses) 

F  *  BY  +  INV  (final  expenditures  +  inventory  accumulation) 

F  *  G  (sector  and  branch  balances) 
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where 


element  of  matrix  B,  output  of  sector  1  delivered  to 
final  expenditure  category  j  per  ruble 
of  expenditure  In  that  category  in  the  base  year 


A  ■  the  input-output  technology  matrix 
INV^  ■  the  final  demand  residual  for  sector  i,  inventory 
accumulation  and  statistical  discrepancy 
(l-A)ik  -  i,k  element  of  matrix  (I-A) 


The  Lagrangian  Z  is  then  formed: 


Z  "  d  {  wi  (yi  "  yl^2  +  r  f  8i  ^xi  ”  xi^2  + 

+  lxi{l  <J-A)ik  *  k-  “V  Iki.n  +  5  bu  yj'} 

j  *  l 

Differentiating  the  Lagrangian  with  respect  to  y^  and  x^  and  setting  them 
equal  to  zero,  we  obtain  the  adjustments  that  minimize  the  objective 
function : 


for  expenditure  adjustments 


3Z 

TyT 


0  -  2d  vt  (yt  -yt)  -  f 


(note  that  £  b^  *  1  and  that  it  is  assumed  that  INV  is  not 
a  function  of  any  y) 


-  for  output  adjustments 
3Z 

■  l  n 

k  k  k 


2  rs  (x  -  x°)  +  I  X  (I-A)  -  X  3  INVk 


3x, 


and  then  let  I 


1 


2d  and  l 


1 


J  j 

2r. 


jk 


k  i  x. 


This  balancing  scheme  assumes  that  some  sectors  are  not  balanced 
individually.  If  the  opposite  were  there,  the  overall  constraint  would 
merely  be  the  sum  of  the  individual  constraints,  and  the  set  of  constraints 
would  not  contain  all  mutually  independent  elements. 
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The  weights  w^  and  s^  consist  of  two  parts  (explicitly  coded  in  the 
model),  a  scaling  factor  and  a  relative  weight.  While  the  scaling  factor 
is  not  altered  by  the  analyst,  the  relative  weights  are  Important  analyst 
levers  for  directing  the  impact  of  the  adjustment  mechanism  away  from  high 
priority  targets.  A  typical  adjustment  equation  is  coded  as  follows: 

0  -  WSUMI  *  A01/W01  **  2  *  (XIOME  -  P.XOME)  +  L01  +  L20  -  ... 

Where  A01  is  the  relative  weight  for  the  output  of  the  metallurgy  branch; 
WSUMI  and  W01  are  scaling  factors.  P.XIOME  is  the  initial  value  and  XIOME 
the  adjusted  value  for  gross  value  of  output  of  metallurgy.  The  adjustment 
equations  are  solved  simultaneously  with  the  balance  constraints  to  obtain 
a  solution  for  the  desired  adjustments.  A  typical  balance  equation  is 
coded  as : 

Z01  -  G01  -  F01  -  INV01 

where  Z01  is  exogenously  set  to  zero,  i.e.,  the  production  and  uses  of 
output  in  sector  01  (metallurgy)  are  required  to  be  in  balance.  G01  is  the 
output  of  metallurgy  less  interindustry  uses  vftiich  Is  the  output  available 
for  final  delivery: 


G01  -  XIOME 


- 


i-1 


ai,01*  XIOi  , 


where  the  a^  are  coefficients  of  the  input-output  matrix, 
of  final  expenditures  on  metals  output 


F01  is  the  sum 


F01 


i° 

j-i 


bj,5i 


lj 


where  the  b  are  the  coefficients  of  the  final  demand  matrix  and  the  YJ 
jk  j 

are  the  final  expenditure  categories  (food  consumption,  durables 

consumption,  etc.).  INV01  is  the  Inventory  accumulation  and  statistical 

discrepancy  for  sector  01,  which  is  predicted  by  a  typical  inventory 

equation  (a  function  of  current  and/or  lagged  gross  value  of  output  of  the 

sector) : 
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INV01  -  CI,2004CF201+XI0ME+CF202*QT50-+CF203*Q67 


where  QfT 50  is  a  time  trend  and  Q67  a  dummy  variable  irtiich  removes  the 
anomalous  observation  for  1967,  the  year  of  a  major  price  reform. 

The  following  sectors  are  constrained  to  be  in  balance: 


01 

metallurgy 

07 

chemicals 

12 

processed  food 

02 

coal  and  peat 

08 

forest  products 

14 

construction 

03 

oil 

09 

paper  and  pulp 

15 

agriculture 

04 

gas 

10 

construction  materials 

06 

machine-build ing 

11 

soft  goods 

and  metalworking 


Note  that  the  residual  sectors,  industry,  n.e.c.,  and  Other  Branches,  are 
not  checked  for  balance  nor  are  the  service  sectors,  transport  and 
communication  and  trade  and  distribution.  Electric  power,  because  of  the 
specification  of  the  energy  block  is  always  in  balance,  i.e.,  production  is 
set  equal  to  usage.  Transport  and  communications  and  Distribution  and 
trade  are  also  set  equal  to  calculated  requirements. 

The  outputs  of  all  sectors  listed  above  are  adjusted.  The  relative 
weights  (A01  for  sector  01,  etc.)  are  initially  set  to  values  determined  in 
calibrating  the  model,  but  can  be  altered  by  the  analyst  to  alter  the 
pattern  of  adjustments  if  he  feels  it  appropriate.  The  desired  values  for 
the  weight  would  be  obtained  through  iterative  simulation  experiments. 

Aside  from  the  balances  and  output  adjustments,  the  mechanism  also 
requires  that  the  model  expenditure  concepts  (from  reconstruction  of  Soviet 
accounts  by  Western  analysts)  be  translated  into  concepts  compatible  with 
the  final  demand  matrix  (Soviet  national  income  and  input-output  concepts). 


These  translated  concepts  represent  initial  values  which  are  then  adjusted 
by  the  model  and  translated  back  to  the  model's  GNP-accounting  concepts* 
The  relationships  between  the  two  alternative  sets  of  accounting  concepts 
are  described  in  the  sections  below  on  the  final  demand  matrix.  The 
following  final  demand  categories  are  adjusted  by  the  mechanism  (that  is, 
they  are  the  y^  in  the  exposition  above: 


i 
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Reference  Number 


21 

CFPR 

consumption  expenditures,  food 

22 

CNPR 

consumption  expenditures,  other  non-durables 

23 

CDPR 

consumption  expenditures,  durables 

24 

CSPR 

consumption  expenditures,  services 

25 

GPHS 

government  expenditures,  public  housing  and 
services 

26 

GNTC 

government  expenditures,  non-productive  transport 
and  communications 

27 

GHEC 

government  expenditures,  health,  education"  and 
culture 

28 

GSBA 

government  expenditures,  science,  banking  and 
administration 

29 

ERPR 

exports,  raw  materials 

30 

EM  PR 

exports,  machinery 

31 

EFPR 

exports,  food 

32 

ECPR 

exports,  consumer  goods 

33 

MRPR 

imports,  raw  materials 

34 

MM  PR 

imports,  machinery 

35 

MFPR 

imports,  non-grain  food 

36 

MCPR 

imports,  consumer  goods 

37 

MG  PR 

imports,  grain 

38 

LM 

investment,  machinery  component 

39 

1C 

investment,  construction  component 

40 

IRIO 

capital  repair  expenditures 
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C.  Elaboration  of  Final  Demand  Relationships 

1 .  Purpose 

The  disequilibrium  adjustment  mechanism  of  the  model  requires  deter¬ 
mination  of  the  degree- of  balance  of  the  output  of  each  sector  and  the 
sum  of  interindustry  uses  and  final  demand.  Interindustry  uses  are 
calculated  via  the  input-output  coefficients  (A  matrix)  derived  from  a 
series  of  balanced  18-sector  flow  tables  in  1970  rubles  and  the  gross 
values  of  output  (GVO)  from  a  set  of  production  functions  relating  GVOs  to 
factor  inputs.  Having  deducted  the  interindustry  uses  from  GVO,  output 
available  for  final  deliveries  is  obtained  (eq.  5.1) 

18 

(5.1)  G  =  XIO,  -  la, .XIO. 

1  1  j=lij  J 

where  the  G^  =  output  available  for  final  delivery  of  sector  i 

XIO^  gross  value  of  output  of  sector  i 

a _  =  input  requirement  of  sector  i  per  ruble  of  GVO  of  sector  j 

Against  this  vector,  a  vector  of  final  demands  must  be  balanced. 

This  requires  not  only  levels  of  end-use  generated  by  the  model,  but  also 
information  on  the  sectoral  composition  of  the  end-use  components. 
Information  consistent  with  reconstructed  Soviet  input-output  data  is 
available  for  the  benchmark  years  -  1959,  1966,  and  1972.  The  1966  data 
were  selected  as  the  base  year,  not  only  because  they  represent  a  mid 
point,  but  also  because  of  the  greater  detail  available  on  deliveries 
within  the  final  demand  quadrant.  It  was  necessary  to  accomplish  the 
following  steps  to  formulate  the  required  matrix: 
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(1)  Obtain  information  on  columns  in  the  final  demand  matrix  in 
as  disaggregated  form  as  possible  to  reflect  shifts  in 
composition  of  end-use  aggregates  over  time; 

(2)  Convert  this  data,  where  necessary,  to  1970  producers  prices 
in  order  to  be  consistent  with  the  input-output  coefficient 
time  series; 

(3)  Relate  the  column  totals  to  model-generated  variables  for 
the  base  year; 

(4)  Insure  balance,  since  no  balanced  final-demand  matrix  with 
all  the  required  columns  was  published. 


Upon  completing  the  procedure  it  was  then  possible  to  calculate  a 
balance  equation  for  each  sector  (eqs.  5.2-3). 


(5.2) 

(5.3) 


24 

F-  =  E  b  . Y . 
1  J-l  ^  J 


«  Balance 

where  F\  =  final  demand  deliveries  of  output  of  sector  i 

Yj  =  total  expenditures  for  end-use  category  j 

b..  =  share  of  deliveries  by  sector  i  of  total  end-use 
J  of  category  j 


Initial  production  levels  generated  by  the  production  functions  are  fed 
into  the  balances  and  the  disequilibrium  mechanism  adjusts  sectoral 
outputs  to  insure  balance. 

The  earlier  version  of  the  disequilibrium  adjustment  mechanism  provided 
for  similar  final  demand  calculations,  however  they  did  not  assure  complete 
allocation  of  expenditures  in  the  base  year,  energy  sectors  were  balanced 
in  physical  terms  outside  the  final  demand  matrix  and  there  were  no  balances 
for  the  service  sectors.  This  new  elaboration  attempts  to  insure  consistency 
and  balance  in  the  base  year  final  demand  matrix  for  all  sectors  together 
with  an  expanded  set  of  final  demand  categories. 
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2.  Construction  of  the  Final  Demand  Columns 


A  number  of  versions  of  the  final  demand  quadrant  for  the  reconstructed 
1966  Soviet  input-output  table  have  been  published  by  the  Duke  University  - 
Foreign  Demographic  Analysis  Division  Soviet  Input-Output  Project  with 
alternative  disaggregations  in  1966  purchasers'  prices,  1966  producers' 

prices,  and  1970  producers'  prices.*  Unfortunately  ,  in  the  producers' 
price  tables,  final  demand  was  not  disaggregated  further  than  private  consump¬ 
tion,  public  consumption,  and  other  final  demand.  Other  final  demand 
represents  the  sum  of  net  exports  and  gross  investment  (accumulation  in 
Soviet  statistics)  which  are  indicated  separately  in  the  purchasers'  price  tables. 

Moreover,  1970-based  price  indexes  were  available  only  for  flows  in 
2 

producers'  prices.  The  1966  purchasers  price  table  with  supplementary 
data  provides  an  additional  disaggregation  of  public  consumption — public 
housing  and  services,  non-productive  transport  and  communications,  health, 
education  and  culture,  and  science,  banking,  and  administration. 

The  columns  required  for  the  final  demand  matrix,  at  a  minimum, 

include : 


private  consumption 
exports 

fixed  investment 
inventory  investment 


public  consumption 
imports 

capital  repair 
defense  procurement 


See  Vladimir  G.  l'reml,  ed..  Studies  in  Soviet  Input-Output  Analysis. 

Praeger,  New  York,  1977  for  1966  tables  in  1966  purchasers'  prices  (Table  1.1, 
pp.  lOff.)  1966  producers'  prices  (Table  1.2,  pp.  31 f f . )  aggregated  with  sup¬ 
plementary  final  demand  data  in  1966  purchasers'  price  (Table  1.3,) 
pp.  52  ff.)  and  1970  producers'  prices  (Table  5.1  pp.  204ff.) 

2 

See  Vladimir  Treml,  Price  Indexes  for  Soviet  18-Sector  Input-Output  Tables 
for  1959-75.  SRI  Technical  Note  SSC-TN-5943-1,  June  1978.  These  indices 
incorporate  some  corrections  and  revisions  not  reflected  in  1970  price 
table  cited  previously. 
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in  order  to  derive  sectoral  composition  of  end-use  components  deter¬ 
mined  by  the  model  blocks.  In  addition  it  was  desirable  to  further  dis¬ 
aggregate  some  of  the  major  categories  in  order  to  minimize  the  impact 
of  the  changing  composition  of  the  broader  category  over  time  relative  to 
that  in  the  base  year. 

a .  Private  Consumption 

Although  private  consumption  appears  in  the  reconstructed  tables 
as  a  single  column  it  was  decided  to  disaggregate  the  category  into  consump¬ 
tion  of  food,  non-durables,  durables,  and  services,  with  the  delivery  of 
each  sector  to  private  consumption  allocated  to  only  one  subcomponent 
according  to  the  general  character  of  the  output  of  the  sector.* 

Sectoral  deliveries  of  the  non-service  sectors  were  calculated  by 
aggregating  the  76-sector  entries  in  the  private  consumption  column  of 
the  1966  producers'  price  table  (Treml ,  1977)  into  16  non-service  sectors 
and  applying  the  price  indices  developed  by  Treml  for  the  time  series  of 
18-sector  tables  in  1970  producers'  prices  (Treml,  1978,  see  footnote  2  on 
page  12).  No  separate  price  indices  were  available  for  trade  and  distribu¬ 
tion  or  transport  and  communication.  Therefore,  the  methodology  developed  by 
Treml  and  Guill  which  used  the  1972  ratios  of  sectoral  deliveries  in 
producers'  prices  to  the  distribution  and  trade  and  transport  and  communi¬ 
cations  entries  to  derive  entries  for  these  sectors  for  tables  in  1970 

*The  trade  and  distribution  and  transport  and  communications  sectors  are 
an  exception.  Deliveries  of  these  sectors  to  consumption  in  a  producers' 
price  table  represent  these  functions  in  the  cost  of  delivery  of  the 
non-service  sectors  to  consumption  and  thus  are  entered  into  each  subcomponent. 
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producers'  prices  was  applied  (see  Table  A-5.1).  Thus,  entries  for  the 
two  productive  services  sectors  were  obtained  for  each  of  the  categories 
of  consumption  (private  and,  see  below,  public  consumption  categories). 


b.  Public  Consumption 


The  deliveries  of  sectors  to  total  public  consumption  were 
obtained  in  the  same  manner  as  those  for  private  consumption,  that  is, 
aggregation  of  1966  producers'  price  entries  and  the  application  of  Treml's 
price  indices  and  trade  and  transport  ratios.  It  was  desirable,  however, 
to  disaggregate  this  category,  both  for  the  reason  of  changing  composition 
among  sub-components  and  better  to  relate  the  input-output  concept  to 
expenditure  categories  in  the  model. 

More  detailed  information  on  public  consumption  is  provided  in  Treml 
(1977-Table  1.3)  in  an  aggregated  purchasers'  price  table  for  1966  with 
supplementary  final  demand  data.  Public  Consumption  is  disaggregated  into 
four  columns: 


Public  Housing  and  Services 
Non-productive  Transport  and  Communications 
Health,  Education,  and  Culture,  and 


Science,  Banking,  and  Administration. 


For  each  sector, the  ratio  of  the  delivery  to  each  subcomponent  to  the  sum 
of  deliveries  to  public  consumption  in  the  reconstructed  table  was  used  to 
jistribute  the  delivery  of  the  sector  in  1970  producers'  prices  to  each  of 


See  Gene  D.  Guill,  Deflation  of  the  18-Sector  Soviet  Input-Output  Tables, 
SRI  Technical  Note  SSC-TN-5943-4 ,  August  1978,  pp.  21-23.  It  should  be 
noted  that  while  the  methodology  was  correctly  stated,  an  error  has  since 
been  discovered  in  the  calculation  of  final  demand  for  the  trade  and 
distribution  sector,  thus  leading  to  incorrect  entries  for  GVO  and  value 
added  plus  depreciation  for  that  sector  as  well  as  total  final  demand  and 
GVO,  for  each  year.  Corrected  entries  were  determined  for  this  study. 
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Table  A-5.1 


CALCULATION  OF  TOTAL  FINAL  DEMAND  ENTRY  FOR 
DISTRIBUTION  AND  TRADE  FOR  1966 


For 

each  year  FD^ 

i-1-13 

,15,18  ai(FDi>d 

i  +  (1 

-  ai)(FDi)Si 

ai,1966 

di 

Si 

FDi 

roi,n 

1. 

Metallurgy 

.2933 

.0189 

.0179 

2313112 

42083 

2. 

Coal  and  Peat 

.8195 

.0256 

.0320 

1326714 

35496 

3. 

Oil 

.2191 

.0348 

.0675 

1947093 

117479 

4. 

Gas 

.4629 

0 

.0520 

210930 

5891 

5. 

Electric  Power 

.9859 

0 

0 

1654031 

0 

6. 

MBMW 

.1384 

.1224 

.0098 

36396068 

923868 

7. 

Chemicals 

.7329 

.2645 

.0155 

2340239 

463349 

8. 

Forest  Products 

.6061 

.0764 

.0238 

3398237 

189216 

9. 

Pulp  &  Paper 

.7844 

.4230 

.0411 

81696 

27830 

10. 

Construction 

Materials 

.9425 

.4009 

.0102 

688512 

260556 

11. 

Soft  Goods 

1.166 

.0823 

.0017 

17722064 

1698490 

12. 

Processed 

Foods 

1.011 

.1603 

.0066 

40163655 

6506110 

13. 

Industry,  NEC 

1.144 

.0433 

.0074 

3204560 

155323 

15. 

Agriculture 

.7655 

.0404 

.0652 

30790098 

1422983 

18. 

Other  Branches 

.9743 

.2676 

.0122 

2426640 

633438 

then  for  each  year 

GV017 

=  interindustry 

use  + 

FD17 

where 

_  private  consumption  +  public  consumption  of  sector  i,  1966 
i,1966  total  final  demand  for  sector  i,  1966 

(interpolated  between  benchmark  years) 

d^  =  distribution  charge  attributed  to  one  ruble  of  sector  i  output 
delivered  to  consumption 

■=  supply  charge  attributed  to  one  ruble  of  sector  i  output 
delivered  to  all  other  uses 

FD  =  final  demand  in  thousands  of  rubles 
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c.  Exports  and  Imports 

Exports  and  imports  are  not  shown  separately  in  the  reconstructed 
producers'  price  tables,  but  rather  net  exports  are  included  in  an  other 
final  demand  column.  Because  it  was  necessary  to  relate  model  values 
for  trade  flows  by  commodity  group  to  balances  for  individual  sectors, 
export  and  import  columns  for  the  base  year  final  demand  quadrant  in 
1970  producers'  prices  had  to  be  estimated.  Export  flows  in  1966  prices 
were  assumed  not  to  contain  turnover  tax  components.  They  were  inflated 
by  price  conversion  factors  for  final  demand  at  the  7fr-sector  level  in¬ 
dicated  in  Treml  and  Guill's  study  on  price  conversion  of  the  1966  table 
(Treml,  1977-Table  5.2),  and  aggregated  to  16  non-service  sectors. 

1 


Import  flows  were  assumed  to  contain  turnover  tax  components. 

The  import  share  of  turnover  tax  implied  by  the  other  final  demand  entry 
for  tax  on  purchases  in  the  1966  producers'  price  table  (Treml,  1977- 
Table  1.2)  was  shared  out  proportionately  and  deducted  from  the  76-sector 
import  entries  in  purchasers  prices.  These  were  then  converted  to  1970 
prices  with  the  conversion  factors  and  aggregated  to  16  non-service  sectors. 

In  an  effort  to  account  for  effects  of  the  changing  commodity  compo¬ 
sition  of  trade  flows  over 

columns  were  disaggregated  into  subcomponents  of  major  commodity  groups: 
Exports  Imports 

Raw  Materials  Raw  Materials 

Machinery  and  Equipment  Machinery  and  Equipment 

Foodstuffs  Non-Grain  Food 

Consumer  Goods  Grain 

Consumer  Goods 


See  Treml,  op.  cit.,  1978. 
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This  disaggregation  also  relates  well  to  the  commodity  groupings  of  the 
model's  trade  block.  As  in  consumption,  each  sector's  deliveries  were 
wholly  allocated  to  one  subcomponent  according  to  the  general  character 
of  output.  An  exception  to  this  procedure  was  made  in  the  case  of  In¬ 
dustry  N.E.C.  and  Other  Branches  (Sectors  13  and  18).  For  these  sectors, 
use  was  made  of  the  foreign  trade  handbook  to  estimate  appropriate  splits 
of  deliveries  between  raw  materials  and  consumer  goods  subcomponents, 
and  to  split  agricultural  imports  into  non-grain  and  grain  components. ^ 
d .  Gross  Investment 

It  was  assumed  that  fixed  investment  and  capital  repair  of 
equipment  consist  only  of  deliveries  from  the  MBMW  sector  (and  concomitant 
entries  for  the  trade  and  distribution  and  transport  sectors,  about  5  per¬ 
cent  of  the  purchasers'  price  value  for  MBMW  final  deliveries  of  producers 
investment  goods,  per  Vladimir  Treml).  For  fixed  investment,  the  MBMW 
purchasers'  price  delivery  was  taken  as  the  official  Soviet  investment 
durables  figure  for  1966.  The  MBMW  delivery  to  capital  repair  was 
taken  as  the  delivery  of  the  repair  sector  to  other  final  demand  in 
Treml  and  Guill's  1970  price  table  (Treml,  1977-Table  5.1).  The  gross 
investment  component  of  the  transport  and  communications  final  demand 
entry  (per  advice  of  V.  Treml)  was  allocated  proportionately  to  invest¬ 
ment  in  equipment  and  capital  repair.  The  trade  and  distribution 
entry  for  investment  in  producers'  equipment  was  the  residual  of  the  5 

^On  this  last  split,  see  also  Foreign  Agricultural  Service,  USSR  Agri¬ 
cultural  Trade  1955-77,  U.S.D.A.,  August  1978. 
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percent  service  component.  The  capital  repair  trade  and  distribution 
entry  was  obtained  from  the  proportionality  between  the  two  service 
entries  in  the  investment  equipment  column. 

The  construction  component  of  the  capital  repair  column  is  the  column 
residual  given  the  entries  for  the  MBMW,  T  &  C,  and  T  &  D  rows.  The 
column  total  is  the  product  of  the  1066  value  of  the  1970-based  capital  repair 
index  produced  by  CIA's  Office  of  Economic  Research  and  their  1970  value  for 
capital  repair  in  the  reconstructed  GNP  accounts. 

The  last  remaining  entry  required  for  the  fixed  investment  category 
is  the  distribution  of  the  deliveries  of  the  construction  sector.  Based 
on  data  from  official  Soviet  statistical  handbooks,  it  appears  that  taking 
the  distribution  of  capital  investment  expenditures,  excluding  the  durables 
component,  results  in  an  overestimate  for  this  entry  by  the  amount  of 
losses,  and  other  outlays  (such  ns  for  site  preparation).  Vladimir 
Trend  suggested  using  the  sum  of  the  volume  of  construction  and  assembly 
work  performed  (contract  and  sectors'  own-force  construction,  including 
that  by  collective  farms),  the  volume  of  design  work,  and  investment  in 
individual  housing. 

e.  Other  Final  Demand  Items 


Given  the  sectoral  final  deliveries  in  1970  producers'  prices 
from  Guill's  series  of  18-sector  tables  (Guill,  1978),  modified  for  the 
distribution  sector,  and  the  calculated  entries  for  public  and  private 
consumption,  exports,  imports,  fixed  investment  and  capital  repair,  a 
residual  for  each  sector  was  obtained.  These  residuals  in  the  base  year 
should  represent  inventory  change  (including  the  change  in  unfinished 
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construction,  net  additions  to  livestock  herds),  residual  defense  items 


not  included  in  public  and  private  consumption  and  fixed  investment, 
losses,  and  sectoral  statistical  discrepancies.  Separation  of  residuals 
into  subcomponents  has  been  undertaken  (see  Table  A-7.1). 

Given  inventory  change,  change  in  livestock  herds,  and  change  in 
unfinished  construction,  remaining  residuals,  aside  from  those  arising 
from  statistical  sources,  might  be  attributable  to  defense  end-use. 

According  to  Treml,  the  appropriate  item  is  defense  procurement,  be¬ 
cause  other  components  of  defense  expenditures  are  incorporated  into 
public  and  private  consumption.  Thus  the  residual  of  concern  here  is  that 
in  the  MBMW  row.  In  the  GNP  accounts  a  portion  of  this  residual  (pro¬ 
curement  of  non-military  durables  by  the  defense  establishment)  is 
associated  with  inventory  change — in  1970,  between  1.0  and  2.0  billion 
rubles. * 

This  series  of  calculations  from  reconstructed  input-output  tables,  the 
Soviet  handbooks,  and  Office  of  Economic  Research  series  resulted  in  an  ela¬ 
borated  final  demand  matrix  for  1966  in  1970  producers'  prices.  The 
results  are  presented  in  Tables  A-5.2  and  A-5.3. 

D.  Relation  of  Model  Expenditure  Categories  to  the  Final  Demand  Matrix 

Due  to  the  expertise  and  additional  information  represented  by  recon¬ 
structed  data  published,  by  CIA's  OER  and  by  individual  Western  scholars, 
SOVMOD's  specification  has  been  based  on  the  Western  accounting  concepts 
employed  in  these  reconstructions  which  are  incorporated  into  the  model  database 

^John  Pitzer,  Reconciliation  Qf  Gross  National  Product  and  Soviet  National 
Income,  NATO  Colloquim  Paper,  December  1977,  p.  29. 
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COEFFICIENTS  DERIVED  FROM  MATRIX 
OF  FINAL  DEMAND  MATERIAL  ALLOCATIONS 


Detail  nay  not  add  to  total*  due  to  founding 


Table  (Continued) 


Fixed  !nv*«ti«<?nt 


total  i .onon  j  1.0000  i.oono 


Thus,  to  relate  expenditures  to  sectoral  deliveries,  the  model's  expenditure 
concepts  had  to  be  linked  to  the  input-output  categories. 


Primarily  this  involved  the  following  tasks: 

•  Removal  of  turnover  taxes  from  some  expenditure  components; 

•  Shift  of  services  which  do  not  sell  output  (education,  etc.) 
from  private  to  public  consumption; 

•  Exclusion  of  non-material  components  from  outlays; 

•  Conversion  of  trade  flows  to  1970  domestic  rubles. 

After  these  definitions  were  established,  model  values  were  transformed 
into  the  final  demand  matrix  categories  and  compared  with  the  column 
totals  for  the  base  year.  Proportionality  factors  were  then  introduced 
into  the  definitions  in  order  that  values  would  reconcile  exactly  with 
the  base  year  column  totals.  In  most  cases  the  proportionality  factors 
were  not  very  different  from  unity. 

1.  Removal  of  Turnover  Taxes 


The  model's  series  for  consumption  and  some  public  sector  outlays  are 
in  purchasers'  prices,  and  turnover  taxes  must  be  removed  before  relation¬ 
ships  derived  from  the  final  demand  matrix  can  be  applied.  Treatment 
of  turnover  taxes  on  imports  is  discussed  in  the  section  on  foreign  trade 
(below) . 

Turnover  taxes  are  estimated  in  the  model  in  current  rubles.  Because 
they  will  be  deducted  from  consumption  expenditures  measured  in  1970  rubles, 
the  consumption  price  deflator  (1970  base)  is  applied.  Then,  the  shares  of 
turnover  tax  allocated  to  various  final  demand  categories  in  the  1966 
producers'  price  table  (Treml,  1977 — Table  1.2)  are  imposed.1  The  turnover 

1  It  should  be  noted  that  only  about  70  percent  of  total  turnover  taxes 
are  passed  on  to  final  demand  according  to  the  reconstructed  input- 
output  table. 
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tax  for  public  and  private  consumption  is  allocated  proportionately 
among  the  subcomponents  and  eventually  subtracted  from  the  model  values 
for  expenditures.* 


i 


The  shares  of  the  subcomponents  in  the  expenditure  total  which  are 
used  for  these  calculations  already  reflect  shifts  of  outlays  between 
public  and  private  consumption  and  removal  of  non-material  outlays 
as  discussed  in  the  next  section. 
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2.  Public/Private  Consumption  Shifts  and  Non-Material  Outlays 

The  model  data  for  private  consumption  of  services  is  derived 
from  an  OER  series  which  includes  the  following  expenditures  that  relate 
to  public  consumption  categories  in  the  input-output  scheme: 
public  housing  and  services  health 

education  culture 

In  the  reconstructed  1970  GNP  accounts  produced  by  OER,  the  following 
detail  is  given  for  consumption  of  services:* 

Share  (proportion) 

Billions  of  Rubles 


Total 

52.363 

1.00 

including: 

Trade  and  Union  &  other  dues 

2.092 

.040 

Housing 

3.429 

.065 

Utilities 

3.478 

.066 

Personal  Transport 

7.200 

.138 

Personal  Communications 

1.200 

.023 

Repair  and  Personal  Care 

4.674 

.089 

Recreation,  Art,  and 

Physical  Culture 

3.948 

.075 

Education 

16.098 

.307 

Health 

10.244 

.196 

Pitzer,  op.cit . .  p. 


25 
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These  shares  were  applied  to  the  model's  time  series  for  consumption  of 
services  and  the  appropriate  subcomponents  reallocated  to  public  consumption 
categories.  In  the  input-output  total  private  consumption  column  of  the 
base  year,  there  are  entries  which  were  allocated  to  a  private  consumption 
of  services  category.  These  were  related  to  a  share  of  the  model's  defi¬ 
nition  of  consumption  of  services  as  a  fixed  proportion  of  the  non-wage 
component  of  this  category  (set  at  the  calculated  base  year  share) . 

Expenditure  components  shifted  to  public  consumption  matched  three 
of  the  four  public  consumption  categories  in  the  final  demand  matrix. 

The  fourth,  science,  banking,  and  administration,  was  related  to  two 
model  variables — outlays  on  administration  and  outlays  for  research  and 
development.  It  was  then  necessary  to  calculate  the  material  purchases 
implied  by  each  of  these  four  expenditure  categories,  since  wages  and 
purchases  of  services  by  this  sector  do  not  enter  into  Soviet  national 
income.  This  was  accomplished  by  applying,  in  each  year,  the  ratio  of 
material  purchases  to  total  outlays  shown  in  the  aggregated  1966  purchasers' 
price  table  augmented  with  supplementary  data  (Treml,  1977-Table  1.3). 

As  indicated  above,  the  public  consumption  share  of  turnover  taxes  was 
then  removed  (on  the  basis  of  1966  proportions)  from  each  of  the  four 
categories. 

3.  Conversion  of  Trade  Flows 

Trade  flows  modeled  in  SOVMOD's  foreign  trade  block  are  current  U.S. 
dollar  values  published  by  OER.  It  was  necessary  to  convert  these  flows 
to  1970  domestic  rubles.  This  was  accomplished  via  a  four-step  process — 
conversion  from  (1)  current  dollars  to  current  foreign  trade  rubles; 
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(2)  to  1966  foreign  trade  rubles;  (3)  to  1966  purchasers'  prices;  and 
(A)  in  one  step,  to  1970  producers'  prices  (exports  are  assumed  to  have 
no  turnover  tax  component).  That  is. 


current  $  trade  flow  ^  ,  ,  ,  , 

- r - 2 -  =  current  foreign  trade  rubles 

exchange  rate 


current  foreign  trade  rubles 
(official  Soviet  import  or 
export  price  deflator  rebased 
to  1966) 


1966  foreign  trade  rubles 


(1966  foreign  trade  rubles)  x (domestic/foreign  trade  =  1966  purchasers' 

ruble  conversion  factor  prices 

for  1966) 


(1966  purchasers'  prices  -  turnover  tax)  x  inflator  =  1970  producers' 

(imports  only)  (see  text)  prices 


This  approach  to  conversion  employs  1966  ruble  values  because  factors  to 
convert  foreign  trade  to  domestic  rubles  were  prepared  by  the  Foreign 
Demographic  Analysis  Division  to  relate  foreign  trade  data  to  entries  in 
the  reconstructed  1966  purchasers’  price  table.*  Figures  in  1966  foreign 
trade  rubles  and  domestic  rubles  were  published  for  flows  on  a  75-sector 
basis.  These  were  aggregated  to  the  commodity  group  subcomponents  for 
exports  and  imports  employed  here  and  foreign-domestic  conversion  ratios 
derived.  The  official  Soviet  indices  for  prices  paid  for  imports  and 


Barry  L.  Kostinsky  and  Vladimir  G.  Treml ,  Foreign  Trade  Pricing  in  the 
Soviet  Union:  Exports  and  Imports  in  the  1966  Input-Output  Table,  foreign 
Economic  Report  No.  8,  U.S.  Department  of  Commerce,  March  1976.  See 
especially  Table  12,  pp.  30-32.  Note  3  to  that  table  explains  the  inclusion 
of  arms  exports  and  imports  in  the  MBMW  row  and  their  conve  sion  to  domes  c 
values.  The  domestic  value  for  arms  exports  indicated  in  the  note,  however, 
appears  to  be  misstated.  It  has  been  confirmed  that  the  correct  value, 
which  can  easily  be  determined  by  applying  the  methodology  described  ,  was 
however,  used  indie  body  of  the  table.  These  values  were  also  used  in 
calculating  the  MBMW  trade  entires  for  the  base  year  final  demand  matrix 
in  section  5  above. 
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received  for  exports  were  taken  from  foreign  trade  handbooks.  Hie  1966 
and  1970  producers'  price  inflators  were  drawn  from  the  calculations 
described  in  section  C  above. 


4.  Fixed  Investment  and  Capital  Repair 

Because  published  input-output  reconstructions  do  not  include 
disaggregations  of  the  gross  investment  category,  our  estimates  of  the 
base  year  final  demand  matrix  use  data  from  Soviet  handbooks  to  segregate 
fixed  investment  and  capital  repair  from  other  final  demand.  These  data 
are  consistent  with  the  model  concepts  except  that  previous  versions  of 
S0VM0D  only  distinguish  between  investment  construction  and  machinery 
components  for  agricultural  investment.  As  described  in  section  5  below, 
the  definition  of  the  total  construction  and  machinery  components  of 
fixed  investment  is  therefore  determined  by  the  historical  share  of  the 
data  series  from  the  handbooks,  in  total  fixed  investment  for  construction, 
and  in  non-agricultural  investment  for  machinery  plus  the  model  series 
for  investment  in  agricultural  machinery.  The  capital  repair  estimates 
are  those  prepared  by  OER. 

5_  Final  Demand  Definitions 

Employing  the  methodology  described  in  sections  above,  the  following 
definitions  were  used  to  obtain  from  model  variables  appropriate  estimated 
column  totals  for  the  final  demand  flows  matrix  for  other  than  the  base 
year  (the  relations  contain  adjustments  which  provide  for  exact  corres¬ 
pondence  in  the  base  year) . 


a.  Turnover  Taxes 


Total,  1970  Rubles  TT70  -  TT/PCD70*100 

Adjusted  to  10  entry,  base  year  TT70I0  ■  1.007*TT70 

Final  Demand  Components 


Total  Final  Demand 
Consumption 
Imports 

Public  Consumption 


TT70I0F 

TT70IOC 

TT70I0M 

TT70I0G 


0. 71 1*TT0I0 
0. 9008*TT70IOF 
0.0159*TT70I0F 
0.0833*TT70IOF 


where  PCD70  ■  Implicit  Consumption  Price  Deflator 

TT  ■  Turnover  Tax,  billions  of  current  rubles 


b.  Private  Consumption 


Expenditures  in  Purchasers'  Prices 


Food 

P.CFPU 

m 

1.01433*P.CRF70 

Other  Nondurables 

P.CNPU 

m 

0. 91 868*P. CRND70 

Durables 

P.CDPU 

m 

0.95651*P.CRD70 

Services,  Net  of  Wage  Comp. 

P.CRS70G 

m 

P. CRS70-NMG*1 282 . 83*1 . 0E-06 

Services 

P.CSPU 

m 

0.14305*P.CRS70G 

Total 

P.CPU 

m 

P . CFPU+P . CNPU+P . CDPU+P . CSPU 

Turnover  Taxes 

Food 

P.TT70CF 

m 

TT70I0*CP. CFPU/P. CPU 

Other  Nondurables 

P.TT70CN 

m 

TT70I0C* P.CNPU /P.CPU 

Durables 

P.TT70CD 

- 

TT70I0C*P. CDPU/P. CPU 

Services 

P.TT70CS 

. 

TT70I0C*P. CSPU/ P.CPU 
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Expenditures  in  Producers'  Prices 


Food 

P.CFPR 

- 

CFPU-P.TT70CF 

Other  Nondurables 

P.CNPR 

- 

CNPU-P.TT70CN 

Durables 

P. CDPR 

m 

CDPU-P.TT70CD 

Services 

P.CSPR 

m 

CSPU-P.TT70CS 

Total 

CIO 

m 

CF  PR+C  NPR+C  DPR+C  S  PR 

where  NMG  **  Bnployment,  Goverrment  and  Services  (thousands) 
CRF70  -  Food  Consumption,  billions  of  1970  rubles,  etc. 

c .  Public  Consumption 


Expenditures  in  Producers'  Prices 


Public  Housing  and  Services 

P.GPHS 

-  P.CRS70*0.105*  1316  1518 

(4340K1373' 

-0. 104+TT70I0G 

Non-productive  Transport  and 
Communication 

P.GNTC 

-  P.CRS70*0.161*  1438w1648, 
(7380K1353) 

-0. 133*TT70I0G 

Health,  Education,  and  Culture 

P.GHEC 

-  P.CRS70*0.577*  6176  7405 

(2215d(6938} 

-0. 507*TT7OIOG 

Science,  Banking  and  Administra¬ 
tion  Outlays 

P.GSBA 

-  (1 7*P. BAO/ 1 000+99. 27*P. BRD/ 

1000) 

>°27.  -  0. 276*TT70I0G 
(9619)(3287) 

Total 

P.GI0 

-  P . GPHS+P . GNTC+P . GHEC+P . GSBA 

where  CRS70  *  Services  Consumption,  billions  of  1970  rubles 
BAO  »  Index  (1970-100),  Expenditures,  Administration 
and  Other 

BRD  -  Index  (1970-100),  Expenditures,  Research  and 
Development 


d .  Exports 


Measured  in  Current  U.S.  Dollars 


Raw  Materials 

P.ERM 

=  (ERMCM+EFUELDW+EOMDW+EOSC 
+ETCH+ECUBA+EUSW9 ) / 1 000 

Machinery 

P.EMM 

=  ( EMACM+EMADW+EARMLDC9 ) / 1 000 

Food 

P.EFM 

=  (EGRCM+ECOCM+EGRDW+EFODW 
+0.7*EODW)/1000 

Consumer  Goods 

P.ECM 

=  (ETLDC+0. 3*E0DW) / 1000 

Measured  in  1970  Producers'  Prices 


1 


Raw  Materials 

P.ENPR 

=  P.ERM/ (PREX9*PTX9/97)*  7000. 

(4736; 

Machinery 

P.  EM  PR 

=  P.EMM/(PREX9*PTX9/97)*  1856 

(1351.r 

Food 

P.EFPR 

=  P.EFM/ (PREX9*PTX9/97)* ,742  , 

(8i5.6' 

Consumer  Goods  P.ECPR  -  P.ECM/(PREX9*PTX9/97)*  758 

(933.4' 

where  PREX9  *  Ruble/dollar  Exchange  Rate 

PTX9  =  Index  (1970=100),  prices  received  for  Soviet  exports; 


in  millions  of  current  dollars: 


ERMCM 

EFUELDW 

EOMDW 

EOSC 

ETCH 

ECUBA 

EUSW9 

EMACM 

EMADW 

E ARM L DC 9 

EGRCM 

ECOCM 

EODW 

ETLDC 


Exports  of  Raw  Materials  and  Fuel  to  the  CMEA 
Exports  of  Fuel  to  the  Developed  West 

Exports  to  Non-Fuel  Raw  Materials  to  the  Developed  West 
Exports  to  Other  Socialist  Countries 
Exports  to  China 
Exports  to  Cuba 

Unspecified  Exports  to  the  World 
Machinery  Exports  to  the  CMEA 

Machinery  Exports  to  the  Developed  West 

Arms  Exports  to  LDC 
Grain  Exports  to  the  CMEA 
Non-Grain  Food  Exports  to  the  CMEA 
Other  Exports  to  the  Developed  West 

Total  Exports  to  the  LDC 


This  last  factor  combines  conversion  from  1977  foreign  trade  rules  to 
1970  producers'  prices  and  a  small  correction  to  reconcile  with  the  base 
year  column  total. 
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e.  Imports 


Measured  In  Current  U.S.  Dollars 


Raw  Materials 

Machinery 
Non-Grain  Food 

Consumer  Goods 


Raw  Materials 
Machinery 
Non-Grain  Food 
Consumer  Goods 
Total 


Raw  Materials 


1 


Machinery 


Non-Grain  Food 


P.MRM  -  ( MRMCM+MRMDW+MTLDC+O . 3  3*M0SC ) / 

1000 


P.MMM  -  (MMACM+MMADW+0.4*M0SC) / 1000 

P.MFM  -  (MFOCM+MCUBA+0.  3*MTCH+MUSDW9 

+  MUSCM9) /1000 

P.MCM  «  (MCOCM4MCOEW+0. 27*MOSC+0. 7* 

MTCH)/1 000 

Measured  In  1966  Purchasers'  Prices 


P.MRPU 

P.MMPU 

P.MFPU 

P.MCPU 

P.MPU 


-  P.MRM/ (PREX9*PTM9/94)*2672/2043 

-  P.MMM/ (PREX9*PTM9/94)*1683. 7/2731. 5 

-  P.MFM/ (PREX9*PTM9/94)*1 790.8/1124.9 

-  P.MCM/ (PREX9*PTM9 /94)*4998.7 / 1209. 3 

-  P.MRPU+P.MMPU+1 . 33*P.MFPU+P.MCPU 


Measured  In  1970  Producers'  Prices 


P.MRPR 

-  (P.MRPU-P.MRPU/P.MPU*TT70I0M/ 
0.9456) 

'2558 ' 

P.MMPR 

-  ( P.MMPU-P.MMPU/P.MPU*TT70IOM/ 

0.9456 

V793) 

M612J 

P.MFPR 

-  (P.MFPU-P.MFPU/P.MPU*TT70I0M/ 
0.9456) 

*(1741  ) 

M714.5; 

The  last  factor  In  thlB,  and  the  succeeding  thi equations,  accounts 
both  for  Inflation  from  1966  producers'  prices  to  1970  producers'  prices 
and  a  base  year  proportionality  adjustment. 
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Consumer  Goods 


Grain 


P.MCPR  (P.MCPU-P.MCPU/P.MPU*TT70I0M/ 
0.9456) 

*.4808 

(4786) 

P.MGPR  -  (P.MGRDW/PWUS*.001)*103* 


where  MRMCM 
MRMDW 
MTLDC 
MOSC 
MFOCM 
MCUBA 
MTCH 
MUSDW9 
MCOCM 
MCODW 

PTM9 

PWUS 

MGREW 


■  Imports  of  Raw  Materials  from  CMEA 

*  Imports  of  Raw  Materials  from  the  Developed  West 

*  Imports  from  LDC's,  Total 

■  Imports  from  Other  Socialist  Countries,  Total 

*  Imports  of  Food  from  the  CMEA 

*  Imports  from  Cuba,  Total 

*  Imports  from  China,  Total 

*  Unspecified  Imports  from  the  CMEA 

*  Imports  of  Consumers'  Goods  from  the  CMEA 

■  Imports  of  Consumers'  Goods  from  the  Developed 

West  all  in  millions  of  current  dollars 

■  Index  (1970*100),  Prices  Paid  for  Soviet  Imports 

*  U.S.  Export  Price  of  Wheat  (dollars  per  metric 
ton) 

=  Imports  of  Grain  from  the  Developed  West  (current 
dollars) 


f .  Fixed  Investment 

Equipment  P. IM  -  (P. IAM+(0 . 0679+0. 0806*QLT50)* 

P.INA)*  18500. 

(18278; 

Construction  P.  IC  -  (0. 93461-0. 1 9126*(QSH68-QSH73)+ 

0.54929*QSH73+(-0. 10578+ 

O. 07016*(QSH68-QSH73)-0. 16468* 
QSH73)*QLT50+0. 01 352*Q67 )* 

P. IT0TAL 


Capital  Repair  P. IRI0  -  . 18611*P. ICR/1000 

where  IAM  *  Agricultural  Investment,  Equipment 

ITOTAL  «  Total  Fixed  Investment 

INA  *  Non-Agricultural  Fixed  Investment 

QLT50  •  Long  Time  Trend 

Q67  ■  Dummy  Variable  for  1967 

QSH68.QSH73  -  Dummy  Shift  Variables,  1968  and  1973 
ICR  ■  Index  (1970*100),  Capital  Repair 


E. 


Other  Final  Demand  Items:  Inventory/Residual  Equations 


By  utilizing  relationships  described  in  Section  6  over  the  sample 


period,  column  totals  (the  Y^)  were  obtained  for  the  final  demand  columns 


of  the  B  matrix  for  each  year  (adjusted  proportionately  to  match  the  totals 
of  the  base  year  benchmark  table).  Applying  coefficients  of  the  base-year 
B  matrix  to  the  vector  of  column  totals ,  sectoral  entries  were  generated 
for  the  columns.  These  were  summed  across  each  sector  and  deducted  from 
the  sectoral  final  demands  shown  in  Guill's  series  of  18-sector  tables 
(Guill,  1978)  to  produce  a  residual  for  each  sector  (termed  INV^)  which 
corresponds  to  the  other  final  demand  item  entries  in  each  year.  Base  year 
residuals  are  shown  in  Table  A-7.1. 

For  most  of  the  sectors,  this  item  represents  inventory  change  and 
statistical  discrepancies.  That  for  the  MBMW  sector  other  final  demand 
includes  military  procurement.  For  agriculture,  the  entry  includes  additions 
to  livestock  herds  which  is  determined  in  the  agricultural  block  of  the 
model.  This  component  is  therefore  deducted  before  the  residual  category 
is  modeled.  The  construction  and  MBMW  residuals  also  are  special  cases  and 
will  be  treated  below. 

Other  than  the  cases  of  agriculture,  construction,  and  MBMW  the  residual 
item  is  assumed  to  be  a  combination  of  inventory  change  and  statistical 
discrepancies,  which  might  be  treated  as  a  function  of  expected  and  actual 
shipments  or  production.  Setting  aside  the  discrepancies,  relatively  simple 
models  could  be  used  to  specify  relationships  to  explain  the  residuals. 

For  example,  desired  inventory  stock  (INVS*)  at  the  end  of  a  period  could  be 
hypothesized  to  be  a  function  of  expected  output  in  the  next  period.  If 
desired  and  actual  stocks  were  equal  at  the  beginning  of  a  period,  desired 


TABLE  A-7.1 


DISAGGREGATION  OF  OTHER  FINAL  DEMAND  ITEMS:  1966 
(Millions  of  1970  rubles,  producers' prices) 


Additions 
to  Livestock 
Herds 

Inventory 

Change 

Defense 

Procurement 

Unfinished 
Construction 
&  "Other  Outlays" 

Sector 

ADLVR 

NIIO 

DP  10 

AUC 

01 

Metallury 

-610 

02 

Coal  and  Peat 

131 

03 

Oil 

-279 

04 

Gas 

90 

05 

Electric  Power 

0 

06 

MBMW 

0 

6,638  1 

07 

Chemicals 

909 

08 

Forest  Products 

224 

09 

Pulp  and  Paper 

0 

10 

Construction 

Materials 

263 

- 

11 

Soft  Goods 

1,005 

12 

Processed 

Food 

481 

13 

Industry, 

K.E.C. 

-385 

14 

Construe  tion 

0 

7,254  2 

15 

Agriculture 

1,568 

6,136 

16 

Transport 

and  Communications 

998 

1  7 

Distribution  and 

Trade 

710 

18 

Other  Branches 

42 

TOTAL 

1,568 

9,715 

6,638 

7,254 

This  entry  is  the  entire  final  demand  residual  for  MBMW.  Some  share  of  this 
residual  should  be  allocated  to  inventory  change  when  relating  that  column 
total  to  the  GNP  category. 


This  is  the  entire  residual  for  the  construction  sector.  It  represents  change 
in  unfinished  construction  (both  as  reported  in  the  Soviet  handbook  and  the 
portion  carried  on  the  books  of  construction  organizations),  losses  and  other 
construction  outlays  (such  as  site  preparation)  and  possibly  a  military  con¬ 
struction  component  of  about  1  billion  rubles. 
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inventory  change  would  be  the  difference  between  desired  levels  of  inventory 
at  the  beginning  and  end  of  the  period,  that  is: 


INVS*  «  aX* 


+1 


INVS*^  =  uX*  , 


INV*  -  INVS*  -  INVS*X  -  a(X*x  -  X*) . 

Expected  output  (X*)  could  be  hypothesized  to  be  a  function  of  last  period's 

actual  output,  for  instance>  x*  ■  yX 

substituting, 

INV*  «  ay(X  -  X  ). 

There  could  also  be  unanticipated  inventory  change  which  reflects  gaps 
between  expected  and  actual  output  during  the  period.  For  example,  this 
component  could  be  hypothesized  to  be  a  function  of  the  anticipation  error 
such  that: 


INVu  =  -6(X  -  X*)  -  -6(X-yX  ). 

Therefore,  total  inventory  change  would  be  the  sum  of  desired  and  unanticipated 

inventory  change: 

INV  =  INV*  +  INV 
t  u 

=  ay(X  -  X_x)  -  6(x  -  yX_1> 

=  6 (y  -  l)X+y(u  -  5)  (X  -  X_1). 

This  rationale,  and  that  statistical  discrepancies  might  be  related  to  levels 
and  changes  in  outputs,  formed  a  partial  basis  for  specifications  of  equations 
estimated  to  predict  the  other  final  demand  entries  for  sectors  1-5,  7-11,  13, 
and  16-18.  Because  there  are  tendencies  over  time  to  reduce  inventories  in 
relation  to  output,  that  is,  to  achieve  greater  efficiencies  in  use  of  inven¬ 
tories,  time  trend  terms  were  included  in  the  equations.  Their  coefficients. 
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of  course,  also  would  reflect  trends  in  sector  statistical  discrepancies. 


Finally,  1967  dummy  variables  were  needed  for  four  sectors  to  adjust  for 
measurement  problems  in  that  year  (cf.  section  A-3).  Results  are  shown 
in  Table  A-7.2. 

For  the  processed  foods  sector  (number  12),  a  slightly  different 
form  was  selected  involving  the  expected  rate  of  growth  of  sectoral  output 
and  change  in  agricultural  output: 

INV12  =  -10.49  +  0. 1303*XI0PF  + 

(-6.47)  (5.46) 

+  0.0768  (XIOAG  -  XIOAG(-l))  -  3.3490*Q69 
(1.25)  (2.51) 

where 

Q69  =  dummy  variable  equal  to  unity  in  1969  and  zero  in  all  other  years 

R2  =  0.800 

DW  =1.80 

The  residual  for  1969  is  removed  from  the  sample  period  by  use  of  a  dummy 
variable;  unknown  influences  caused  an  unduly  large  negative  unexplained 
residual  in  that  year. 

In  the  case  of  agriculture,  the  net  additions  to  livestock  are 
removed  from  the  residual,  which  is  explained  by  the  change  in  gross  value 
of  output  and  weather  variables. 

RESID15  =  1.2514  +  0.2921*(XI0AC  -  XlOAG(-l))  -  8.5916*JPS9 
(2.81)  (4.15)  (8.49) 

+  3. 2407*JPW9  -  9.0452  *Q75 
(2.76)  (-5.37) 

where 

R2  -  0.920 

DW  «  2.80 
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XIOPF 


XIOPF(-l) 


6.900 

(1.25) 


Table  A-7.2 


ESTIMATED  EQUATIONS  FOR  "OTHER  FINAL  DEMAND"  ITEMS  (INV)  , 
SECTORS  1-5,  7-11 ,  13,  16-18 


INVi  =  a1 

+  a2 

*  xiot  + 

a3  *  (X10i 

-  XIOj  (• 

-1»  + 

QT50  +  a5 

*  Q67  + 

a6  *  Q69 

SECTOR 

fl 

^3 

\ 

15 

R2 

DW 

Metallurgy 

01 

0.4141 

(O.fci) 

-0.4150 

(-2.30) 

- 

0.6434 

(1.91) 

-2.0628 

(-2.52) 

- 

.972 

2.59 

Coal  and  Peat 

02 

-0.6962 

(-1.27) 

0.4518 

(4.88) 

-0.0763 

(-3.34) 

-0.1943 

(-9.96) 

0.3033 

(-2.72) 

-0.1205 

(1.30) 

.992 

2.05 

Oil 

03 

-0.7347 

(-9.11) 

0.0415 

(3.72) 

0.4873 

(7.40) 

- 

-0.1254 

(-1.25) 

- 

.958 

1.65 

Gas 

04 

0.2464 

(3.22) 

0.2706 

(4.93) 

- 

-0.0249 

(-4.21) 

- 

- 

.699 

0.68 

Electric  Power 

05 

1.1018 

(7.67) 

0.3961 

(15.19) 

-0.0261 

(-1.22) 

-0.2521 

(-12.35) 

— 

— 

.984 

2.74 

Chemicals 

07 

-0.8036 

(-8.50) 

0.1244 

(23.99) 

- 

- 

- 

- 

.983 

1.79 

Forest  Products 

08 

2.9953 

(9.05) 

0.5530 

(6.58) 

- 

-0.5958 

(-10.15) 

- 

- 

.965 

1.93 

Paper  and  Pulp 

09 

-0.0577 

(-1.08) 

0.3563 

(12.70) 

-0.1639 

(-3.54) 

-0.0317 

(-5.23) 

- 

.986 

2.13 

Construction 

Material 

10 

0.9913 

(17.13) 

0.0216 

(1.66) 

- 

-0.0588 

(-4.79) 

- 

- 

.973 

2.14 

Soft  Goods 

11 

3.9836 

(3.21) 

0.3943 

(4.89) 

-0.1761 

(-1.28) 

-1.1517 

(-4.40) 

0.8968 

(1.27) 

- 

.679 

2.67 

Industry,  NEC 

13 

2.5419 

(9.14) 

0.8139 

(12.94) 

- 

-0.4878 

(-14.24) 

- 

- 

.953 

1.99 

Transport  and 
Communication 

16 

1.5343 

(6.90) 

0.2606 

(4.08) 

0.1234 

(3.09) 

-0.2151 

(-4.08) 

- 

- 

.823 

1.78 

Trade  and 

Distribution 

17 

0.2606 

(0.56) 

0.1272 

(0.63) 

0.3923 

(2.70) 

-0.1550 

(-0.73) 

- 

- 

.545 

1.19 

Other  Brandies 

18 

-2.0847 

(-3.18) 

1.3678 

(6.81) 

-0.3172 

(-1.86) 

-0.1777 

(-26.99) 

- 

- 

.990 

1.65 

Where  INV^  =  other  final  demand  items,  sector  i 

XIO^  =  gross  value  of  output,  sector  i 

QT50  *  time  trend 

Q67,  Q69  *  dummies  for  1967,  1969 

t-statistics  appear  in  parentheses 
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INV15  =  RESID15  +  ADLVR 


where  JPS9  =  Sum  of  deviations  from  monthly  precipitation  value 
JPW9  =  Winter  precipitation  index 
Q75  =  Dummy  for  197 T> 

ADLVR  =  Net  additions  to  livestock  herds 

The  two  weather  indexes  are  used  in  the  agricultural  block  of  the 
model  to  explain  deviations  from  normal  agricultural  output.  Here  they 
can  be  seen  to  represent  the  source  of  unintended  inventory  accumulation 
(decumulation)  in  the  agricultural  sector.  The  1975  dummy  represents, 
as  it  does  in  the  agricultural  block,  a  deviation  from  normal  behavior 
that  is  not  explained  by  the  weather.  This  is  most  likely  associated 
with  organizational  failures  in  the  supply  of  materials  and  services 
to  the  sector  (transportation,  spare  parts,  etc.). 

The  construction  residual  includes  change  in  unfinished  construction, 
losses,  and  "other  construction  outlays"  such  as  for  ground  preparation, 
etc.,  as  well  as  change  in  stock  of  work  in  progress  and  other  items  on 
the  books  of  construction  organizations.  The  change  in  unfinished 
construction  as  reflected  in  the  series  in  the  Soviet  handbooks  and  the 
"other"  component  are  explained  separately  and  removed  from  the  residual. 
The  residual  is  then  explained  by  the  change  in  gross  value  of  construction 
output  and  a  time  trend  with  shifts  provided  for  in  the  slope  and  inter¬ 
cept  due  to  apparent  changes  in  price  regimes. 

change  in  unfinished  construction 

UNF1NC  ■=  3.5226  +  4. 7863*(QSH68  -  QSH73)  -  1.2129  *  (XIOCM 
(3.56)  (5.69)  (-1.53) 

-XIOCM  (-1))-  1.1473*JPW9  +  2 . 7417*QSH73  -  1.7600*QFYP 
(-1.23)  (2.48)  (-2.26) 

R2  -  .747  DW  -  1.79 
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QSH68,  QSH73  -  Shift  Dummies  for  1968,  1973 


QFYP  ■  Dummy  for  effect  of  five  year  plan  cycles  on  project 
completion 


This  specification  primarily  reflects  the  changing  relationships 
between  the  volume  of  project  starts  and  project  completions.  The 
change  in  output  of  construction  materials  reflects  both  changes  in 
planned  demand  and  actual  availability  of  materials.  The  five-year 
dummy  variable  represents  campaigns  to  complete  ongoing  projects  before 
undertaking  start-ups,  usually  associated  with  the  end  of  one  plan- 
period  and  spilling  over  into  the  beginning  of  the  next.  The  weather 
variables  reflect  delays  in  the  construction  process  due  to  adverse 
climatic  conditions  in  the  winter  of  various  years. 

Other  Construction  Outlays 

OTHERCON  =  2.1757  +  0.1035*X10CN  +  0.1887*QFYP 
(-14.25)  (43.11)  (2.48) 

R2  =  .993  DW  =  1.19 

Other  construction  outlays  are  explained  by  the  level  of  construction 
work  and  the  plan  cycle. 

Construction  Residual 


RESID14  =  -0.6874  +  19.8469*(QSH68  -  QSH73)  +  (0.3757  +  1.0867 
(-1.24)  (3.38)  (2.79)  (2.22) 

* (QSH68  -  QSH73))*(XIOCN  -  XIOCN  (-1))  -  1.3477 

(-4.77) 

*QSH68*QT50  +  2.4096  *  Q73 
(2.03) 

R2  =  .931  DW  «  2.43 
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where 


XIOCN  -  Gross  Value  of  Output  of  Construction 
Q73  ■  Dummy  for  1973 
Other  dlnal  Demand  Items,  Construction 

INV14  -  UNFINC  +  OTHERCON  +  RES  ID  14 

The  residual  for  Sector  6,  Machine-building  and  metalworking  Is 
hypothesized  to  contain  military  procurement  of  durables.  As  data  for  this 
component,  a  series  developed  by  Professor  Stanley  Cohn  for  military 
durables  procurement  from  machiney  production  and  Bales  data  was  used  (see 
Table  A-7.3).1 

Military  Durables  is  now  an  analyst  determined  target: 

MEMIDPD  *  EXP  (DELRAMD  +  ZETAMD  +  QT50  +  LOG(ETAMD) ) ; 

It  is  not  adjusted  by  the  balancing  system;  it  is  a  firm  target.  The 
remaining  Sector  6  residual  is  determined  in  an  equation  similar  to  the 
other  sectoral  INV  equations  with  the  addition  of  first  and  second-order 
autoregressive  terms. 


Stanley  H.  Cohn,  Estimation  of  Military  Durables  Procurement 
Expenditures  from  Machinery  Production  and  Sales  Data,  SRI  Informal  Note 
SSC-IN-78-13,  September,  1978,  p.  16  (colunn  (2)  O.E.R.  series).  These 
are  in  current  rubles.  Treml's  MBMW  price  index  was  used  to  convert 
them  to  1970  rubleB. 
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Table  A-7.3 

Disaggregation  of  MBMW 


Other  Final  Demand  Items 
(Billions  of  1970  Rubles) 


Midpoint,  COHN 


Other  Final 
Demand  Items 
MBMW  1NV06 

Procurement  Series 
1970  Prices 
MDMIDPD 

Residual 

RESID06 

1961 

2.365 

5.0 

-2.64 

1962 

4.524 

6.1 

-1.58 

1963 

6.753 

5.5 

1.25 

1964 

6.623 

6.3 

.32 

1965 

5.815 

6.5 

-.68 

1966 

6.634 

6.1 

.53 

1967 

8.948 

7.1 

1.85 

1968 

14.136 

9.0 

5.14 

1969 

14.975 

8.8 

6.18 

1970 

12.607 

10.0 

2.61 

1971 

12.030 

12.3 

-.27 

1972 

12.468 

13.1 

-.63 

1973 

18.042 

17.3 

.74 

1974 

20.211 

17.2 

3.01 

1975 

20.725 

19.8 

.925 

1-46 


h 


RESID06  -  -1.8209  +  0.2681  *(XIOMB  -  XIOMB(-l))  +  1.0356 

(-2.49)  (3.32)  (6.45) 

*  RESID06 (-1)  -  0.4784  *  RESID06  (-2)  +  3.1648  *  Q68 
(-3.17)  (3.10) 

R2  =  .883  DW  -  2.65 


And  thus: 


INV06  =  MDMIDPD  +  RESID06 


F.  Reconciliation  of  Model  NMP  and  Input-Output  Concepts 
The  model  predicts  a  net  material  product  (NMP)  concept  from  the 
sector-of-origin  side  which  excludes  nonproductive  services  that  do  not 
enter  into  the  Soviet  national  income  account.  This  concept  (model 
variable  GNMP)  can  be  reconciled  with  the  input-output  based  concepts 
defined  for  the  final  demand  matrix  column  totals.  Such  reconciliation 
not  only  helps  to  provide  better  understanding  of  the  consistency  of 
sector-of-origin  and  expenditure  accounts,  but  also  allows  for  the  possi¬ 
bility  of  predicting  net  material  and  gross  national  product  (GNP)  from 
the  demand-expenditure  rather  than  the  supply-production  side. 

For  this  purpose  the  model's  detailed  end-use  categories  adjusted 
for  turnover  taxes  (those  related  to  columns  of  the  final  demand  matrix — 
see  section  5)  were  summed  for  each  year.  (Proportionality  adjustments 
should  not  be  and  were  not  applied).  The  sum  is  final  expenditures 
(NMP-based)  except  for  inventory  change,  defense  procurement,  and  statis¬ 
tical  discrepancy  items.  That  is:* 

NMPEXC  =  CGIO*  +  GSBA*  +  IM  +  IC  +  IRIO  +  ERPR*  +  EMPR*  + 

EFPR*  +  ECPR*  -  MIO* 

where 

CGIO*  =  public  and  private  consumption,  unadjusted 
CIO  +  GPHS  +  GNTC  +  GHEC 

GSBA*  =  state  consumption,  unadjusted  expenditures  on  science, 
banking,  and  administration 

IM  =  fixed  investment,  equipment 

IC  *  fixed  investment,  construction 


IRIO  *  capital  repair 


ERPR*,  EM?R*,  EFPR* ,  ECPR*  -  exports,  unadjusted 
MIO*  *  imports,  unadjusted 

To  relate  this  sum  to  the  NMP  measure  in  the  model,  the  latter  must  be 
adjusted  so  that  they  correspond  conceptually.  NMP  in  the  model  contains 
turnover  taxes  and  is  net  of  depreciation  while  the  above  expenditure 
variables  and  those  in  the  final  demand  matrix  are  gross  of  productive 
depreciation  and  measured  in  producers'  prices.  Thus,  the  residual  of 
the  model's  transformed  NMP  and  the  above  expenditures  can  be  written  as: 
NMP RES  *  GNMP  -  0.718  *  TT  +  AMOR  -  NMPEXC 

where 

TT  =  turnover  taxes  (the  0.718  coefficient  reflects  the  pro¬ 
portion  of  these  taxes  passed  through  to  final  demand) 

AMOR  =  productive  depreciation  (amortization  deductions) 

Similarly,  there  is  an  unexplained  residual  of  total  final  demand  in  the 

B  flow  matrixes  over  time: 

sum  of  final  expenditure  items  (except  "other"): 

% 

FEXC  =  CIO  +  GIO  +  IM  +  IC  +  IRIO  +  ERPR  +  EMPR  +  EFPR 
+  ECPR  -  MIO 
total  final  demand: 

G  =  Ej  Final  Demand ^ 

final  demand  residual: 

FRES  =  G  -  FEXC 

See  Table  A-8.1  for  these  data. 

These  two  sets  of  residuals  are  then  related  in  a  stochastic  equa¬ 
tion  which  allows  for  a  shift  in  price  regimes  in  1969  and  contains  a  dummy 
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variable  for  1973.  Note  that  the  additions  to  livestock  component  is 
removed  from  both  residuals. 


NMPRES  -  ADLVR  =  4.0824  +  0.2604  *  (FRES  -  ADLVR)  -  3.7805 
(1.64)  (2.44)  (-4.76) 

*  QSH69  +  2.4622  *  Q73 
(1.35) 

R2  =  .702  DW  =  1.08 


where 

QSH69  =  Shift  variable  for  1969  on 
Q73  =  Dummy  variable  for  1973 

This  relationship  could  be  used  with  other  equations  of  the  model 
expenditure-final  demand  linkage  to  permit  NMP  expenditure  determination. 
That  is,  with  ..  hats  denoting  model  solution  predicted  values, 

A  A  A 

NMP  =  NMPEXC  +  NMPRES 

where 

NMPRES  is  predicted  by  the  stochastic  equation  with  FRES 
=  J;iINVi  (i=  1,18  sectors). 
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SEMREC3  SYMBOL  DECLARATIONS 
AND  EQUATION  LIST 


EQS 

Function 

1-91 

Definitions,  Miscellaneous 

92-139 

Labor  Allocation 

140-157 

Agriculture  Block 

158-161 

Output  Indices 

162-188 

Investment  Block  (branches  &  sectors) 

189-214 

Capital  Stock  EQS 

215-278,422-423 

Vage,  Price,  Government  Revenue 

279-329 

Foreign  Trade  Block 

330-333,424 

Consumption  Block 

334-337 

Aggregate  Identities 

338-402,425-429 

Energy  Block 

403-415 

Production  Block 

416-421 

Investment  Block  (aggregates) 

430-445 

Linking  Equations 

446-497 

Final  Demand  Definitions 

498-528 

Other  Final  Demand  Components 

529-546 

Uses  of  Sectoral  Outputs 

547-564 

Sources  of  fotputs  for  Final  Expenditures 

565-577 

Balances 

578-614 

Adjustment  Equations 

615-650 

Translation  of  Adjusted  Final 

Demands  into  Model  Categories 

! 
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".MODEL  :  CUPPENT 
ENDOGENOUS : 

RDlVP  RFEEP70  HLV  hl  VP?  0  RVCP70  PhD  BRO  BBT  BPT70  BF  BGN 

BNA'X  BPP  BF'ES  BRES1D06  BSC  BTF'RN  CDPP  CFPP  CNPP  CRD70  CPF  70 

CPNB70  CPS  70  CP70  CSFR  ECDCM  ECPP  ECUBR  EFEECD  EFEEGR  EFEED1 

EFOPM  EFPP  EFPMCD  EFPMGfi  EFRWrjl  EFTEP  EFUELDM  EGRCM  EGRDM  EMBCM 

EMRPU  EMPF-  ENETCM  ENETPU  FNETGR  ENFDM  ENFRMCM  EODW  FOMPU  EOSC 

EPEECQ  EPEEGh  EPEEOI  ERMCM  ERPR  ETR1RC  ETRIRM  ETRINR  ETBMD  ETCH 

ET  CM  ETln.i  ETLDC  ETU  ETM70  FCPEP  FDEBT  FDHC  FDSP  FGOLDD  FGDLPT 

F I NT  FHETHC  FSTK  GEUSUM  GHEC  SNMP  GUP  GHPR  GNPNR  GNTC  GPHS 

GSBR  HFTOT  IR  IRC  IBM  IC  I CP  ICRUB  IHS  IICH  1 1 CM  1 1 CP  IIEP 

1 1 FM  I  IFF  1 1  MB  I  IN  I  INF  IIPF  I  IFF'  IISG  IM  I  NR  INVC1  INV02 

INVO?  1NV04  INV05  INV07  ‘INV08  INV09  INV10  INV11  INV12  INV13 

IN  VI 6  IN  VI 7  INV13  IPIO  I  SEP  IS70NTR  IS70T  ITDTRL  I  TRUE  I70NTR 
1 7  OT  KB  IP  KRUTO  *=TDM  KCP  KELPC  KELTETS  KELT  PC  FHR  KHBF  FIR 

FICH  FICHU  FI  CM  FI  CP  F 1  Ep  K I  FM  FIFP  FI  MB  KIMBM  KIPF  KIPP 

KIF'PM  FISG  FI  TOT  KIM  KNEWOI  KREPOI  KSER  KSUMDLD  F.TR  FTCUS  FTP 

L  0 1  L  08  LOS  L  04  LOG  L07  L  08  L  09  L10  Ltl  LIE  L14  L15  MCOCM 

MCODU  MCPP  MCUBR  MDMIDPp  MFOCM  MFPP  MGPR  MGPDM  MIECH  MMRCM 

MMRBM  MMPP  MNfJIiw  MO  SC  MPMCM  MPMPU  MPPP  MTCH  MTCM  MTDU  MTLDC 

MTM1005  MTM1S09  MTU  MTU 70  NRFOL  NRPPV  NRSOV  NRT  NIET  NMC  NMF 
NMS  NMI  HMICH  MM  I  CM  NMICP  NMIER  NM1FP  NM I  MB'  NMIME  NMINC  NMIPR 

M-1 1 PF  NMIPP  NMI  SG  NMNR  NMO  NMPPES  NM  S  NMTC  NPOPR  NPOPU  NT'S  PR 

OTHER'S  DN  P.BRO  P.BRD  P.CRD70  P. CPF 70  P.CPND70  P.CPS70  P.CR70 
P.ETU  P.ETU70  P. IR  P. IRC  P. IBM  P. ICR  P. INB  P. ITDTRL  P.MTM 
P.MTU70  P. NRT  P. NMC  P. NMF  P.NMG  P.NMICH  P.NMICM  P. NMICP  P.NMIEP 

P.NMI-P  P.  NMI  MB  P.  NMI  ME  P.  NMINC  P.  NMIPR  P.NMIPF  P.  NMIPP  P.NMJ'SG 

P. NMD  P.NMS  P. NMTC  P.XIOBS  P.XIOCH  P.XIOCM  P.XIOCN  P.XIDCP 

P.  XI  OFF'  p.  IOGR  P.  XI OMB  P.XIDME  P.XIONC  F'.XIOOB  P.  XI 00 1  P.  XI OPR 

P.XIOPF  P. XI DC 5  PRFC70  PCD70  PFCC  PGNP  PIR  PIC  PIHS  PI  I  PIPF70 

PIS  PIT  PJUL70  PNF70  PRC  RES ID 06  RES ID 14  RES ID 15  TAXES  TDP 
TOSS  TPCP  TR  TSD  TT  UCD  UCDBF  IJCOFE  UCDMF  IJCONT  UCDXELTP 

•JELRG  UELCN  UFLHHM  *JEL  IN  UELOSS  UELTR  UF  UFBF  UFDIRECT  UFLPPNT 
UFLPPT  UFMF  IJFSF  LIFT  IJFXELTP  UGB  UGBBF  UGBNT  UGBXELTP  UHPP 
ULPP  ULFFMC  IJNpINC  IJPPBF  UPPNT  UPPXELTP  UTPHHM  LITPIND  UTPLOSS 
UTPTOT  UR*  A  UAuCH  WBbL'M  UAbCON  MBGCP  URGE  UAGEP  WBGFM  URGFP 

MB'jME  Uhl- PR  UA'-PF  U  R  h  SG  URl-TC  URGTP  URF  UR  UC  MGS  UI  US’  l.i  I T  C 

XRCM  XfiGDV  XBGS'JM  XBGTN  XRGT70  XRM  XRN  XANIM70  XCROP70  XELBP 

XELHP  XELF  XELTP  XG R  XGRPF  XGRT  XGRTN  XI DBG  XIDCH  XIOCM  XIOCN 

KIOCP  XI  DDT  XIOEP  XIDFP  XIOGB  XIDMB  XIOME  XIONC  XI DOB  X1DOI 

XIOPA  XIOPF  KID'S  XIOTC  XMERT70  XOCH  XDCM  XOCN  XOCP  XODT  XOEP 

XGFP  XOIN  XOMB  XDME  XOPfl  XOPF  XOPp  XDSG  XOSV  XOTC  XTCOP 
XTCOPEU  XTGRN  XTGRNEU  XTOIP  XTDIPEU  XTPTETS  ZDT  2D70  ZGU  ZIF70 

ZMPB  ZPG  ZS'RG  ZTD  ZTG  ZUF  ZWUM 
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DEFINITION: 

B.IMV11  B.INV12  B.IMV17  CPPU  CFPU  CIO  CNPU  CRS70G  CSPU  P. BDN9 
P.BPN9XI  D.  ED  SR?  D. IFTP9  D.MftK  D.MI  D.X  D.XftGT70  D.XIH  D.XILT 
P.V  D.ZF'G  PHMftl  PHMR£  DPI  TOT  DKTP  ECU  EFM  EFUELCM  EFUELEE 

EFUElPM  EMM  EF'F'IND  EF'M  FEES  F01  FOE  F03  F04  F05  FOE  F07  F03 
F09  F 1 0  F 1 1  FIE  FIS  F14  F15  F16  F17  F18  G01  G0£  603  G04 

bU5  ijiMG  b  07  bOS  N  i.i'S  G10  Gil  blE  G 1 3  bl4  615  GIG  G17  GIG* 

I NV  OG  IHV14  I  MV  15  MCM  MCF'U  MFM  fIFF'U  MINF'UTfiG  MINPUTCH  MINPUTCM 
M  INPUT  CM  MIMF'UTFP  MINPUTMB  MIMPUTME  MINPIJTMC  MI  NPUTDB  MINPUTPft 
MINPUTPF  MINF'UTSG  MIMPUTTC  MID  MMM  MMPU  MPM  MPPIJ  NftSK  NTNEC 
MTOTftL  OUTPUTNT  P.CPPR  P.CDPU  P.CFPP  P.CFPIJ  P.CNPR  P .  CNPU  P.CP'J 
P.CRS70G  p.CSPP  P.  CSPU  P.ECM  P.ECPP  P.  EFM  P.EFPP  P.  EMM  P.EMF'P 
P . EPM  P . EPPP  P . GHE  C  P . G 1 0  P. GMT C  P . GPHS  P . GSBfi  P . I C  P . I M  P . I R I D 

P.  MCM  P.MCPR  P.  MCPIJ  P.  MFM  F'.MFPR  P.MFF'U  P.MGF'R  P.  MMM  F'.MMPP 

P.  MM* LI  P.MPU  P.  MPM  F'.MRPR  P.MRPU  P.TT70CD  P.TT70CF  P.TT70CM 

P.TT70CS  RKM  ft  I R  PKNCOM  RKNDC  RKMDH  RKNPI  PKNDT  PKNICH  RKN I CM 
RKN I  CP  PKNIEP  RKN I FM  RKMIFP  RKN I MB  RKN  I  F'F  RKMIPP  RKNIS6  RKNSER 

PK Ml FlIP  P*1' Ml  COM  F'KNIDC  RKNIDH  F'KNIDI  RKN1HT  RKN II CM  PKM1ICP 

RKN 1  I EP  RKM 1 1  FM  RKN 1 1 FP  RKM 1 1  MB  RKN 1 1  F'F  RKM 1 1 PP  RKM 1 1 SS  PKN£fl  I R 

RKMECDM  RK  MEIN  RKM EDI  RKN£PT  RKM2ICH  PKNc'ICM  RKM2ICP  RKMEIEP 

PKM2IFM  RKN2IFP  Rk  ME  I  MB  RKMEIPF  RKNc'IPP  RKN  3COM  RKN3DI  RKN  3 I CH 

RKN 3 1  CM  RKN 3 1  CP  RKN3IEP  RKN  SIFM  RKN 3 1  F’F  RKN3IPP  RKN 3  SEP  RKN4PI 

RKN4 1  CM  RKN 4 1 EP  PKN4SEP  RKN5IEP  RKN5 SEP  TPRIND  TT70  TT70I0 

TT70IDC  TT7010F  TT70IOG  TT70IDM  UTPF  WSUMI  MSUMJ  XOPPEU 

EXOGENOUS s 

ft.ftPLVF'  ft.ftFEEP7  ft.ftVCF'70  ft.BftD  R.BF  R.BGN  ft.ENftlJK  ft.BPES  ft.  BSC 

R.BTRRM  R.ECOCM  R.ECUBR  ft. EFEECO  ft. EFEEGft  ft. EFEEOI  fi.EFOPM 
ft.  EFF'MCO  ft.  EFF'lilGft  ft.ErFlMQI  ft.EFTEP  ft.EFUELP  ft.EGRCM  ft.EGPDM 
ft.  EMftCM  ft.  EM  ft  Dr. I  ft.ENFPW  ft.  EHFPMC  fl.EODW  ft.EOMPM  ft.EOSC  ft.  EPEECD 

ft. EPEEGft  ft. EPEEOI  ft.ERMCM  ft. ETCH  ft.E.PW  fl.ETLDC  ft.FCPEP  ft.FPSP 
ft.FIMT  ft. FMETHC  ft. ICR  ft. ICRUB  ft.  IHS  ft.IICH  ft.IICM  ft. IICP  ft. IIEP 
ft.  1 1  FM  ft.IIPR  R.  1 1  MB  R.IIN  R.  I  INF  R.IIF'F  R.IIF'P  R.  I ISG  R .  I SEP 
ft.  I  TRUE:  ft.  I70MTR  ft.  I70T  ft.KftIR  ft.KCOM  ft.KCR  ft.KELPC  ft.KHft  ft.KHBF 

ft. K I ft  ft. K I CH  ft.KICHH  ft. K I CM  ft. K I CP  ft.KIEP  ft.KIFM  ft. K IFF  ft. K I MB 

ft.  r  I  MFM  ft .  K  I  F'F  ft. KIPP  fi.KJPPM  ft.  K  ISG  ft.  K I  TOT  ft. KIM  ft.KNEWOI 

ft.KREF'OI  ft.KSEP  ft.  KSUMOL  ft.KTft  ft.KTCUS  ft.KTR  ft.MCOCM  ft.MCODU 
ft.  MC-'JBft  ft.MFOCM  ft.MIECH  ft .  MMftCM  ft.MMftPM  ft.MOSC  ft.MRMCM  ft.MPMDU 

ft.MTCH  ft.MTLPC  ft.  MTM1 00  ft.  MTMIE'O  ft.NIET  ft.NTSPft  ft.PftFC70  ft.F'CP70 
ft. PGUP  ft.PIft  ft. PIC  ft.PIHS  ft.RII  ft. PIRF70  ft. PIS  ft. PIT  R.PIWL70 
ft.F'M"70  ft.TPP  ft.  TOSS  ft.TF'OP  ft.TSP  ft.TT  ft.  UELCN  ft.  UELHHM  ft.WFIGft 

ft . UftGCH  ft. MftNVM  ft . MftbUDN  ft . WftGCP  ft.MftGE  ft. WftbEP  ft.MftGFM  ft.WftGFP 

R.i.lftGMB  ft.  MftGPft  ft .  l.lftGPF  ft.WftGSG  ft.MftGTC  ft.WftGTP  ft.WftK  ft.WftS  ft.WC 

ft. MGS  ft. MI  ft.  US  ft.MTC  ft.XftCN  ft.XftGTN  ft.XftGT70  ft.XftM  ft.XflN 

ft. XftMI M7  ft. XCP0P7  ft.XGP  ft.XGPPK  ft.XGPT  ft. XGPTN  fi.XMEftT7  ft.XDCP 
ft.XDEP  ft.XDIN  ft.XOPP  ft.XOSV  ft.XTCOP  ft.XTGftN  ft.XTOIP  ft.ZPT  ft.ZGM 
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unriEL 


C  UPFENT 


1 :  MIM-HTHC  ==  CROl 1 3+R0813+R 031 3+R 041 3+R 051 3+R 061 3+R 071 3+R 081 3+ 

R  09  1 3+R 101 3+R  111  3+R 1  £  1 3+R 131 3+R 141 3+R 1 5 1 3+R 161 3+R 1 7 1 3+R 1  S'  1 3>  ♦ 
XIQMC 

£■:  MINPUTQB  ==  CROl  18+R0818+R0318+R041S+R0518+R0618+R0718+R0818+ 

R0918+R1 018+fll 1 1S+R1£18+R1318+R1418+R1518+R1618+R1718+R1818> ♦ 
X I  DOE 

3:  M I  NC'IJT  RG  ==  CR  Oil  5+R  08  1 5+R  03 1 5+fl  04 1 5+R  05 1 5+R  06 1 5+fl  07 1 5+fl  08 1 5+ 

R0915+R1 015+fll 1 15+R1815+R1 315+fll415+fll515+R1615+fll715+fll815>+ 
XI  OR  5 

4 :  Ml  MF'UTME  ==  CR  0 1  0 1 +R  08  0 1 +R  03  0 1 +R  04  0 1 +fl  05  0 1 +fl  06  0 1 +R  07  0 1  +fi  08  01  + 

R0901+R1 001+R1 1 01+RJ  201 +R 1 301 +R 1401 +R1 501 +R1 601 +R1 701 +R1 801 > ♦ 
XIDME 
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0 

20: 

RKNICM  ==  IF 
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THEN 
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ELSE 
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21 : 
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GT 

0 

THEN 

1-DBRR+DKIFP 

ELSE 

0 

22: 

RKNIMB  ==  IF 

DK  I  MB 

GT 

o 

THEN 

1-DBRR+PKIMB 

ELSE 

0 

23: 

RKNICH  *=  IF 

DK  I  OH 

GT 

0 

THEN 

1-PBRR+PKICH 

ELSE 

0 

24: 

RKNIFM  ==  IF 

DKIFM 

GT 

o 

THEN 

1-PBRR+DKIFM 

ELSE 

0 

25: 

RKNICP  ==  IF 

DKICP 

GT 

0 

THEN 

1 -DBRR+DK1CP 

ELSE 

0 

26: 

RKNIFP  ==  IF 

DKIEP 

GT 

0 

THEN 

1-DBRR+DKIEP 

ELSE 

0 

27: 

RKNSER  ==  IF 

DKS'ER 

GT 
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THEN 
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ELSE 
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0  THEN  1 
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29: 
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31 : 
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RKN1IPF 


IF  RKNIPF C-l)  GT  0  THEN  RKNIPF C-l)  ELSE  1 


RKN2IPF  ==  IF  SUM  Cl  =  -2  TO  -1  :  RKNIPF  CI>  >  GT  0  THEN  Cl-DBAR 
C-2)  ♦UK I PF  •  -£■>  >  ♦  C 1  -DEAR  C- 1  >  ♦DK I PF  C- 1 ) )  ELSE  1 

RKN3IPF  ==  IF  SUM f I  »  -3  TD  -1  :  RKNIPF Cl >)  GT  0  THEN  Cl -DEAR 
C— 3> ♦PKJPF <-3> > ♦ Cl -HEAR C-2) ♦PKIPF C-2) > ♦ Cl -DERR f-1 > ♦DKIPF  C— 1 > ) 
ELSE  1 

RKN1IS6  -=  IF  PKNISGC-1)  GT  0  THEN  RKNISGC-l)  ELSE  1 

PKN1ICM  ==  IF  RKNI CM C-l>  GT  0  THEN  RKNI CM C-l)  ELSE  1 

RKN2ICM  ==  IF  SUM C I  =  -£  TO  -1  .*  RKNICMCI>>  GT  0  THEN  C 1  -DERR 
C-2)  ♦DK I  CM  C— S>  >  ♦  C 1  -DERR  C- 1  >  ♦DK I  CM  <- 1  )  >  ELSE  1 

RKN3ICM  ==  IF  SUM  Cl  =  -3  TO  -1  :  RKNICMCI) )  GT  0  THEN  C 1 -DERR 
C-3) ♦DK I CM  C— 3>  > ♦ C 1 -DERR  C-2> ♦DK I  CM  C-2> > ♦ C 1 -DERR  C-l) »DK I CM  C- 1>> 
ELSE  1 

RKN4ICM  ==  IF  SUM  Cl  -  -4  TO  -I  :  RKNI CM <1>>  GT  0  THEN  Cl -DERR 
C— 4.)  ♦DK  I  CM  C-4  >  >  ♦  C 1  -DERR  C-3>  ♦DK  I  CM  C-3>  >  ♦  <1  -DERR  ('-£>  ♦DK  1  CM  C-2>  > 
♦  Cl -DERR  C-l  >  ♦DK I  CM  C-l  ')  >  ELSE  1 

RKNI IFF  ==  IF  RKNIFRC-i>  GT  ©  THEN  RKNIFPC-1>  ELSE  1 

RKN2IFP  ==  IF  SUM  Cl  =  -£  TO  -1  :  RKNIFPCI>)  GT  0  THEN  Cl -DERR 
C-2>  ♦DK  I FP  C-2>  >  ♦  Cl  -DERR  C- 1  >  ♦DKIFF'  C- 1  >  >  ELSE  1 

RKNI  I  ME  ==  IF  RKNI  ME  C-D  GT  0  THEN  RKNI  ME  C-l)  ELSE  1 

RKNc'IMB  ==  IF  SUM  Cl  «  -2  TD  -1  *  RKNI  ME  CI)>  GT  0  THEN  Cl -DERR 

C-£) ♦DK I ME  C-2) ) ♦ Cl -DERR C- 1 ) ♦DK I ME  C- 1 >  >  ELSE  1 

RKN2ICH  ==  IF  SUM  Cl  =  -2  TO  -1  !  RKNI CH CI  >)  GT  0  THEN  Cl -DERR 
C-2 > ♦DK I CH  C-2) ) ♦ C 1 -DERP C- 1 ) ♦DK I CH  C- 1 >  >  ELSE  1 

RKN3ICH  ==  IF  SUM  Cl  *  -3  TO  -1  :  RKNI  CH  CD)  GT  0  THEN  Cl -DERR 

C-3)  ♦DK  I  CH  C- 3)  )  ♦  C 1  -DERR  C-2)  ♦DK  I  CH  C-2) .)  ♦  C 1  -DERR  C- 1 )  ♦DK  I  CH  C- 1 )  > 

ELSE  1 

RKN1IFM  ==  IF  RKNIFM C-l)  GT  0  THEN  RKNIFMC-1)  ELSE  1 

RKN2IFM  ==  IF  SUM  Cl  =  -2  TO  -1  :  RKNIFM CI>  )  GT  0  THEN  Cl -DERR 
C-2) ♦DKIFM C-2) ) ♦ Cl-DBRR  C-l) ♦DKIFM  C-l) )  ELSE  1 


RKN3IFM  ==  IF  SUM C I  *  -3  TO  -1  s  PKNIFMCD)  GT  0  THEM  Cl-DBAP 
c-3)  ♦DK I FM C -3)  >  ♦  C 1  -DBflP  C-2>  ♦BK I FM  '-£)>♦<  1  -DBflP  C- 1  )  ♦D K IFM  <-l  >  > 
ELSE  1 

PKN1ICP  ==  IF  RKNICPC-l)  GT  0  THEM  RKNICPC-l)  ELSE  1 

PKN2ICP  ==  IF  SUMCI  =  -2  TO  -1  :  RKNICPCD)  GT  0  THEN  Cl-DBflP 
C-£>  ♦  DK I  CP  C-£)  >  ♦  <1  -DBflP  <- 1  >  ♦DK I  CP  C- 1  >  >  ELSE  1 

RKN3ICP  «»  IF  SUMCI  *  -3  TO  -1  s  RKNICPCI>>  GT  0  THEN  Cl-DBAP 
C-3>  ♦  DK  I  CP  C-3)  >  ♦  Cl  -DBflP  <-£>  ♦I'K  I  CP  C-£^  >  ♦  Cl  -DBflP  C- 1  >  ♦DK I  CP  C- 1  >  ) 
ELSE  1 

RKN1IPP  ==  IF  RKM1PPC-1'  GT  0  THEN  RKNIPPC-1)  ELSE  1 

PKN3IPP  «»  IF  SUMCI  s  -£  TO  -1  :  PKNIPPCI))  GT  0  THEN  Cl -DBflP 
C-£>  *DK  I PP  C— c‘>  >  ♦  <  1  -DBflP  C- 1  >  ♦DK I PP  C- 1  >  )  ELSE  1 

PKN3IPP  ==  IF  SUMCI  =  -3  TO  -1  :  PKNIPPCI>>  GT  0  THEN  Cl -DBflP 
C-3> ♦DK I PP c-3> > ♦ c 1 -DBflP C-£» ♦DK I PP  C-2) > ♦ C 1 -DBflP  C- 1 > ♦DK I PP  C-l>> 
ELSE  1 

RKN1IEP  ==  IF  PKNIEPC— 1>  GT  0  THEN  RKNIEP C-l>  ELSE  1 

PKN2IEP  ==  IF  SUMCI  =  -£  TO  -1  :  RKNIEP Cl >>  GT  0  THEN  Cl -DBflP 
C— £> ♦DK I EP  C-£> » ♦ C 1 -DBflP <  - 1 ) ♦DK I EP  C- 1 > )  ELSE  1 

PKN3IEP  ==  IF  SUMCI  *  -3  TO  -1  :  RKNIEP CI> >  GT  0  THEN  Cl -DBflP 
C-  3>  ♦DK  I  EP  C-3  >  >  ♦  C 1  -DBflP  <  -£>  ♦DK  I  EP  C-2)  >  ♦  C 1  -DBflP  c-l'>  ♦DK  I  EP  C- 1  >  > 
ELSE  1 

PKN4IEP  ==  IF  SUMCI  »  -4  TO  -1  :  RKNIEP Cl >>  GT  0  THEN  Cl -DBflP 
<— 4) ♦DK I EP  C-4) ) ♦ c 1 -DBflP C-3> ♦DK I EP  C-3) ) ♦ C 1 -DBflP  C-£> ♦DK I EP  C-£) > 

♦  C 1 — DBflP  c— 1 ) ♦DK I EP  C— 1 >  >  ELSE  1 

PKN5IEP  ==  IF  SUMCI  *  -5  TO  -1  :  RKNIEP CI>)  GT  0  THEN  Cl -DBflP 
C-5) ♦DK I EP C-5> ) ♦ Cl -DBflP c-4> ♦DK I EP C-4) ) ♦ Cl -DBflP  C-3) ♦DK I EP C-3) ) 

♦  C 1 -DBflP C-2) ♦DK I EP  C-2) > ♦ C 1 -DBflP  C- 1 ) ♦DK I EP  C- 1 ) )  EL SE  1 

RKNIflIP  ==  IF  RKNflIP C— 1)  GT  0  THEN  RKNflIPC-1)  ELSE  1 

PKN£fl  IP  ==  IF  SUMCI  =  -2  TO  -1  :  RKNflIP  CD)  GT  0  THEN  Cl -DBflP 
C-2) ♦DK fl I R C-2) ) ♦ C 1 -DBflP  C- 1 ) ♦DKft I R C- 1 ) )  ELSE  1 

RKN3SEP  «=  IF  SUMCI  «=  -3  TO  -1  :  PKNSEP)  GT  0  THEN  Cl-DBfl='C-3 
) ♦DKSEP C-3) ) ♦ c 1 -DBflP  C-2) ♦BKSER C-2) ) ♦ C 1 -DBflP  C- 1 ) ♦DKSER C- 1 > ) 
ELSE  1 
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64:  RKN4SER  ==  IF  SUM  Cl  =  -4  TO  -1  :  RKNSERCI))  GT  0  THEN  Cl-DBAR 

C— 4)  ♦BKSER  C— 4)  >  ♦  Cl -DEAR  <-3>  ♦BKSER  C-3)  >  ♦  Cl -BEAR  <-£)  ♦BKSER  <-£>  ) 

♦  C  1-DBAR  C- 1  >  ♦BKSER  C- 1  >  )  ELSE  1 

65:  RKN5SER  «»  IF  SUM  Cl  =  -5  TO  -1  :  RKNSERCI))  GT  0  THEM  Cl -BEAR 

C-5> ♦BKSER C-5> > ♦ < 1 -BEAR  C-4) ♦BKSER C-4) ) ♦ Cl -BEAR C-3) ♦BKSER C-3) ) 

♦  C 1  -BEAR  •:-£■:>  ♦BKSER  <-2>  >  ♦  C 1  -BEAR  C- 1  >  ♦BKSER  C- 1  >  >  ELSE  1 

66:  RKN1BH  ==  IF  RKNBH  C-l)  GT  0  THEM  RKMBH  c— 1>  ELSE  1 

67:  RKHc'DH  ==  IF  SUM  Cl  =  -£  TO  -1  :  RKMBH  Cl )>  GT  0  THEN  Cl -BEAR  C 

-£) ♦BKHEF <-£> > ♦ C 1 -BEAR  C- 1 > ♦BKHEF C- 1 ) >  ELSE  1 

68:  PKN 1  COM  ==  IF  RKNCOM C-l)  ST  0  THEN  RKNCOM  C-l)  ELSE  1 

68:  RKNc'CDM  ==  IF  SUM  Cl  =  -8  TO  -1  :  RKNCOM  CI>)  GT  0  THEN  Cl -BEAR 

<-£>  ♦BKCOrl  <>£>  >  ♦  C 1  -BEAR  C- 1 )  ♦BKCOM  C- 1 )  >  ELSE  1 

70:  RKN3C0M  ==  IF  SUM  •  I  =  -3  TO  -1  :  RKNCOM  CD)  ST  0  THEN  C 1  -BEAR 

C-3  > ♦BKCOM c-3> ) ♦ C 1 -BEAR <-2> ♦BKCOM <-2> ) ♦ < 1 -BEAR  C-l ) ♦BKCDM C-l ) ) 
ELSE  1 

71:  RKN1BT  ==  IF  RKNBTC-l)  GT  0  THEN  PKNBTC-1)  ELSE  1 

78:  RKNE'BT  ==  IF  SUM  C  I  *  -£  TO  -1  :  RKNBTCI))  GT  0  THEN  Cl-BBARC 

— 2> ♦BKTP  C-£,'  >  ♦  -1 -BEAR  c-l  /  ♦BKTR C-l)  >  ELSE  1 

73:  RKN1BC  ==  IF  RKNBCC-D  GT  0  THEN  RKNBCC-1)  ELSE  1 

74:  RKN1DI  ==  IF  RKNBD-1)  GT  0  THEN  RKNBI  C-l)  ELSE  1 

75:  RKN8BI  ==  IF  SUM 'I  =  -8  TO  -1  :  RKNBI CI>)  GT  0  THEN  Cl-BBARC 

-2)  ♦Bk  I  TOT  (-£•> )  ♦  c  1  -BEAR  C- 1 )  ♦Bk  I TDT  C-l  >  >  ELSE  1 

76:  RKN3BI  ■=  IF  SUM  Cl  =  -3  TO  -1  :  RKNBI  CD)  GT  0  THEN  Cl-BBARC 

-3 ,<  ♦BK  I  TOT  C-  3  >  )  ♦  <  1  -BEAR  <-£)  ♦BK  I  TOT  <-2>  )  ♦  C 1  -DEAR  C- 1 )  ♦BK  I  TOT  C- 1 
>)  ELSE  1 

77:  PKN4BI  ■«  IF  SUM -I  =  -4  TD  -1  :  RKNBI  CD)  GT  0  THEN  Cl-BBARC 

-4  >  ♦BK  I  TOT  C-4 >  >  ♦  c  1  -BEAR  C-3)  ♦BK  I  TDT  C-3)  )  ♦  C 1  -BEAR  C-2)  ♦BK  I  TDT  C-2 
) ) ♦ < 1 -BEAR  <- 1 ) ♦BK I TOT  c- 1 ) )  ELSE  1 

78:  NTOTAl  »=  NRART9*NP0F'AB9M 000. 

7Q:  WSUMI  ==  1  /  (3*  CA0i/MOl»»2+AO2/'WO2^2+flO3'WO3^2+flO4/'WO4 ♦♦£+ 

A  06 '•(■I  06+*£+f*  0  7'W  0  7  ♦  ♦  8 + A  0  8  ■"  W  0  8  ♦  ♦  8-*-  A  08^W  09^8+A  1  1  ©♦♦fi+A  1 1 

W1 1  ♦♦8+A1 £/(.U  £^£+Al  3/W1  3~£+Al  4  "'..l 1 4^£+A  1 5-"Wl  5^£+A  1 6-"W16»^£ 
♦A  1 7/1.1  1  ?*+£+Fi  1 8  '•M  l  §♦♦£>  ) 
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W  ~UR  J  ==  £  0 .  £85''  <£♦  <ft£ 1  /MW £  1  ♦♦£+R££/WW2£442+fi£3/WM£344£+fl£4/ 
fi  !■  1 1  c  4  ♦  ♦  c  +  H  z!  5  -'‘‘lil  Wc!544£+fi££/Wi.ii£G44£-4'H£7/WW£744£+fi£E!/WW£844£4Fl£  8/ 
i.i;.ic,9^*£+H30'Mlil30*»£-*-H31  /l'.IM31»*£+ft3£/l..(l.l3£^^£+ft33/t.,U,l33-*#£+f(34'' 
MW  z'4  ♦♦  c‘ + H  _"■  5  III  III:.1 5  ♦  ♦  c  + Hc-G  /Mt.l  G  ♦  ♦  c' + Hz'  7  /  W  i_»l  37'  ♦  ♦  £ + H  3  8  /  I.  1 1*1 3  3 ♦ ♦ £ + H 39  ' 
I,I!,I39**£+h4  m  -i.Ii.I4 Q44£)  > 

EFUELEE  ==  MU£?4 < <EFEECQ4EPEECD+EFEE0l4EPEE0I+EFEE6R4EPEEGR> ♦ 
='PEX9- 1  000  ♦KPPPfl£94£XP  <PSI£9+RH0£94QT50+TRU£9> 

EFUELCM  ==  fEFEEDI^EPEEDI+EFEECD^EPEECD+EFEEGR^EPEEGR+EFTEP* 

E  F  E  P  .:<  ♦  P  P  E  X  9  1  0  0  0 

EFUELPW  ==  CEFRWO I  ♦EPRMO 1  +EFRWC04EPPWCD+EFRWGft4EPPW6R>  ♦PREX9  •- 
1  0  ft  0 

D .  ZPG  ==  ZPG/P 1 1  1  >  /  (EPS  1  >  /P 1 1  <-£)  >  - 1 . 

It.  BDN9  ==  BHN9/PIMH70/  <BDN9  <-l  >  -'PIWH70  <-l>  >  -1 . 

D. SUSP 9  ==  BDSP9/X0HE+BBSP9  <- 1  > /XDMB  <  - 1  > 

D .  IFTP9  ==  I FTP9/P IT  <-l>  /  < I FTP9  <- 1  '<  /P 1 T  <-£>  >  - 1 . 

It.  XRGT70  XRGT70-XRGTN+  (XRGT70  <-l>  -XRGTH  <-l)  > 

D.  '.IRK  ——  1  0.  ♦  M.IR*  -PRC  < - 1  >  >  /<XftGT70  <>1)  /NRT  <— 1>  .) 

It.  "II  ==  fC£45+C£4£*Q3H£8+C£98»  <  1 .  -Oi H£8  1  ♦  <©T50-C301>  >  ♦  <M I ♦NM I 
/ fC£97»X0IH> > 

D. BDM9XI  ==  1 0 0 .  ♦  £  D  M 9 ' P I W H 7 0  CC9494XD I M> 

MPOPLI  =  NP0P9-NP0PP 
MPDPP  =  NRT4£.7 

MMMR  =  MM I +NMC+NMTC+HNS +MHG+MMF+NMO 

MM I  =  MM  I EP+MM 1  CP+Mr-1 1 PP+NM I ME+NM I CM+NM I CH+MM I MB+NM I FP+NM I PR+ 
MMISG+MMIPF+MMIMC 

P. MM 5  =  PNKG94KSEP 

P.HMO  =  PMKD94P. MRT 

MRSOV  =  SSDV94MRT 

P.NHF  =  PM*  F94P.MRT 

MRKOL  =  SKDL94NRT 
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NAPPV 


NRT— NRSDV— NRKOL 


1  0  1  : 

1  Mi:  NR  SIC  ==  NASDV+NAKDL 

1  0 3 :  L OG  (P .  NRT>  =  1  /  *  l-IG VDRG^CSAG >  ♦LOG  <  0. 5*  CX 1 ORG+P.  X I DhG)  >  -  Cl  - 

l>  I G  V  □  A  G  -  P  G V □  H G )  /'MGVORG^LDG  OCR IP)  -PGVDRG/WGVORG^LDG  CMIHPIJTRG)  - 
i_‘ 1 R »?•••'  i l*JbVDAb^C3Rb)  -LOb  (NHPIND)  ~  C  4  H  b y  CMbVQAG^CSAG'1  ♦LOG  1  RI b P ?  1  — 
C5Ab  ■-  <  I •  I b V □  R b ♦  C 3 R b )  ♦  JPS9-C6A6-'  CMG V Q  An  ♦  i_  3  H b  )  ♦  .JTW? — C  7  A  G ■-'  (MGVDRS^ 
CJhG-1  ♦•"'75 

104:  P.HMICP  =  PNkCPS^KICP 

105:  F.NMIPP  =  PHkPPR^KlPP 

1  06 :  LOG  CP .  NM I  ME>  *  1  ✓  CW6V0ME^C3ME)  ♦LDG  (X I  DME>  -  <  1  -WGVOME-PGVDME)  ✓ 

UGVOME^LOG  <1 .  '  - P G V OME^ W G V 0  M  E  ♦  L  D  G  CMINPUTME)  -Cl ME-'  CWGVDME 

♦C 3 ME > -LOG  CNHR I NB) 

1  07:  LOG  CP .  NM  I  MB)  =  1  ✓  <W6V0MB^C3MB)  ♦LDG  CX I OMB  >  -  <  1  -I.IGVOMB-PGVDMB)  ✓ 

•>IGVDMB*L  OG  <K I  MB.)  -PGVOMB^MG VDMB^LOG  CM  I MPUTMB )  -C 1 MB'  CMGVDMB* 
C3MB  '  -lDG  CHRP  I  NP) 

1  03 :  LOG  CP .  NM  I CH)  =  1  '  CWGV0CH^C3CH  >  ♦LOG  CX  I OCH)  -  C 1  -l.JGVOCH-PGVDCH)  ' 

filGVOCH^LOb  OC  I  CH  :•  -PGVDCH'MGVOCH^LOG  CMINPUTCH>  -C1CH'  CWGVDCH^ 
C30H)  -LOG  CNHPIND) 

10?:  P.NMIEP  =  PNKEP9»KIEP 

110:  LOG  CP . NM I PP>  =  1 / C to G V 0  F  P  ♦  C  3  F  F'  > ♦LOG CX I DFP> - C 1 -toGVOFP-PGVOFP) ' 

WGVOpP*LOG  CKIFP>-PGvnFP-'  WGVOFP^LOGCMIHPUTFP)  -C1FP-"  Cl.lGVrFP^ 

C  3FP> -LOG  CNHPIND) 

111:  LOG  cp  .  NM  I  PR)  =  1  /  CWGVOPA^CSPA)  ♦LOG  CX  I  DPR)  -  C 1 -M6V0PR-PGV0PR .) 

WGVQPR^LOG  CKIFP)  -PGV0PA'i.lGV0PR»L06  CMINPUTPA)  -Cl PR.'-  CWGVDPA^ 
C3PR  ) -LOG  CNHPIND) 

113:  LOG  CP . NM I CM)  =  1 / <WSV0CM^C3CM> ♦LOG  <X I OCM) - C 1 -WGVOCM-PGVDCM) ' 

MG'-'DCM^LDG  CkriCM)  -PGVDCM'WGVDCM^LDG  CMINPUTCM)  -Cl  CM-'  CWGVOCM^ 
C3CM) -LDG CNHPIND) 

113:  LDG  CP.  NMIPF)  =  1  '  CC3PF^WGVDPF)  ♦LOG  cO.  ?♦  CXIDPF+P.  XIOPF)  )  - 

PGVOPF/MGVOPF^LDG  CM1NPUTPF)  -  Cl-WGVOPF-PGVOPF)  -'MGVOPF^LDG  CL  I PF 
> -Cl PF/ CC3Pp^WGVDpF> -LDG  CNHPIND) 

114:  p . NM I S3  «  RNKSGG^K I SG 

115:  P.NMINC  =  &NKNC9+P. NMICM 

116:  LOG  CP. NMC)  =  1 ' CWGV0CN^C3CN> ♦LOG  CO. 5» CXIOCN+P. XIOCN) ) - Cl- 

WGVOCN— PGVDCN)  'WGVOCN^LOG  CkCR)  - P G V □  C  N  '  to  G  V  □  C  N  ♦  L  □  G  CMINPUTCN)  - 
C1CN  '-  CMGVDCN^C3CN)  -LOG  CNHPIND) 


LOG  ep.  NMTO  =  1 C i..l G V □  T C ♦  C 3 T C >  ♦LDG  (KIOTO  -  <  1  -I.IGV0TC-P6V0TC  '  / 
i.lGVOTf  ♦LOG  (KTP>  -PGVOTOWGVDTC ♦LOG  <.MINPUTTO  -C 1  TO  r  I.U3VDTC *C  3TC 
:>  -LOG  CNHP I  MD> 

P.  HflS  =  RNKS  9*kCDM 

Nr-KS  =  P .  N  M  C  ♦  N  T  D  T  A  L  •'  N  T  N  E  C 

HMTC  =  P .  N  M  T  C  ♦  N  TO  T  A  L / N THE C 

NM3  =  P.  NMS^NTDTALKNTNEC 

NMS  =  P.NMG^NTOTAL-'NTNEC 

HMTEP  =  P . N M I E P ♦ N T 0 T A L / N  TNE C 

UUCP  =  P . N M I C P ♦ H  T □ T H  O'  N T N E C 

NrllPP  =  P.  NMIPP^NTOTAL 'NTNEC 

HMIME  =  P.  NMIME^NTDTAL  •'MTHEC 

NMT3H  =  P . NM I C H ♦ N T □ T A L  • '  N T N E C 

M'-'TI  Mf-  =  P .  N M I  "1  £  ♦  N  T  0  T  A  L  'N  T  N  E  C 

NMIPF  =  p .  MM  I  PF^NTOT AL  ••'NTNEC 

MM IFF'  =  P.NMIFP^NTOTAL 'NTNEC 

MM I  CM  =  p  .  HM I  Cf-HNTOTAL  NT  NEC 

NMI £5  =  P. NM I SG*NTOT AL  NT  NEC 

NMF  =  P. NMF^NTOTAL' NTNEC 

NMO  =  P. NMO^NTDTAL  "NTNEC 

NMI  PA  =  P.  NMIF,A»NTOTAL''NTHEC 

NMIMC  =  P.NMINONTOTAL^NTNEC 

NAT  =  P.  NAT ♦NTDTAL/NTNEC-DELMMIiA 

H I ET-A.  N I ET-N I ET  ( - 1  >  =  C *?♦  <  (ME I ND9+NE I NH9  <-l )  ♦NE I ND9  (-£>  >  -  3 . 

>  +C  98*9£90N+C  99*  <  £ .  ♦  <N  I  ET  <  - 1  >  -N I  ET  (-£>  >  ✓  CNE I NH9  <  - 1  >  +NE I  NI'9  <-£ 

>  >  +C  1  Cl  0  .i 

NT  SPA- A.  HTSPA-NTSPA  (-l)  =  C 1  01  ♦  <  CNETPA9  C-l  >  +NETPA9  ■:-£•  >  >  + 

C  l  0£*  <£• .  ♦  (NT SPA  (,-l>  -NT SPA  <-£)  >  ✓  (NETPA9  <:-l>  +NETPA9  <-£)  >  +C  1  03' 

LOG  CKAGTN-A. XAGTN » -CGGG^LOG <NAT> -C667*L0G 'ALV> -C667»LDG < 

A  v’C  F'7Ci.>  *  C668+C 66?*LDG  ( K  A I  R>  +C670*LDG  (  ASGP91 
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LDG  •  XfrjT'O-R.  XRGT70-1  — LO1.?  <.XRl*TN>  =  C835+C83€-*JF'S9+C853*  JTM9+ 

C  >:54*fi?5 

LOG  >' '  .RCN-R.  XRCM>  -C666*l0G  <HRT>  -C855*L06  CftSGPO)  *  CS56+C857* 
LOG  1  KRI P  •  +C587*L06  '.RVCP70  • 

LOG-  :CP0P7rt-R.  XCR-0P7)  -LOG  <XfiCN>  =  C858+C859*  JF\i 9+C838*075+ 
•1889*  n  M'^+C  390*  JPU9 

LOG  •  :RM-R.  XRH  =  C891  ♦0892*L06 <«LV.>  +C893*  <hFEEI'70-'RLV ;• 

LOG  •  XRNIM70-8.  XRHIM7:'  -LOG  <XAN>  =  C894+C895*  vXGPT/XGFTH- 1 .  > 

LOG  ■  XRM-R.  XRM>  =  C896*C897*LDG  <ALV>  +C898*  <8FEEI'70-  RLV> 

LOG  1  X  M  E  R  T  7  0  -  R .  X  M  E  R  T  7  >  -LOG  <XAM>  =  C899+C660*  <Xr."DF'70  -XhCH-I  .  )  + 
C66 1  *0646  5 

LOG GPTM-P.  X.GPTH  )  -C666*L0G  <  OiRIK+HRIK  <  -l )  ♦Nfti-F  <'-£>  '>  ••'3.  >  -C855 
♦LOG  1  Hv'CP70>  =  C66c'*C663*L0G  <fiJGF'9>  +C664*L0G  <:KRIP* 

L 0 1  r  1  XGPT  >  —  L 0 ^  '■  X  G  P*  T  M  *  ~  CE'E^+L'E'-j^*  JF'E9*C638*  jTMR+i.  6  39* 

065+ C  64  O'*  07  5 

lOG  1 :  XGF'PL  — R .  XGPPk:  •'  —  C  64c'+C64 1  *LQG  1  XGPT N  1  +C 64  3*LDG  1  Ml  GP'9  > 

LOG  XGP-R .  XGP >  =  C582+C58 1  *l0G  <XGRT>  +C  583*  JPS9+C584*L0G  R I  Gc'9 


1  0  0 .  ♦  '"R  VCF'7  0-R .  RVC P7  0>  xXACN  =  C585+C586*XDCH  <  - 1  >  -'XRCH 

'•RFEEri70-R.  RFEEri7>  .-RlV  =  C1000+C1  003*  <XCRDF'7 O^XRC N+XCP0P7 0  •  -1 
•>  /XftC M  <-l>  — £'.  1  *C  1  004*POLT28+C1  001*065 

RLVP70  =  IF  DKIPF <— 1  >  GT  0  THEM  0.  9*  CRLVP70  1 »  +RDLVP  C- 1  >  ) 
ELSE  RL  VP 7 0  '  -1  >  +RDLVF:  <  -1  > 

'■RDLVP-R.  RDLVP  ■  /RLVF’70+0.  05  =  Cl  005+C1  006*  <0LT28+C1  01  0>  *0SH7c‘ 
+C  1  007*  •  RFEED70  •'RLVP70>  +C1  008*  XCP0P7 O^XRC'M- 1 .  >  +C1  002*06768 

RLV  =  RLVF'70+0.  5*RDlVP 

XRGDV  =  XRGT70  XRGTH-l. 

XOIM-R.  DIM  =  ( C44 0*XOtF’*C 442*X0F'F'+C 44 1  *XOC F‘*  <C336*C443  '  *XOME 
*C80 0*XCC  H+C8 02*XUriI:+C  8  06*XDFP+C  8 1  3*'  DPR+C  354*X0C  M+C  8 1 4*X0  3G+ 
C8 1  T’*XDF'F>  /'.8 1 7 

XOEP-R. XDEP  =  C526R+C587h*XELP+C 588R*OLT50 
.  :OPP-R.  XDPP  -  ( 0. 6093*  XTOIP'353.  039*0.  3907*. .TGRN  1  97945.  >  ♦ 


LOS  CKO S'V-rl .  KOSV>  *  C866+CS67*  CC868»L06  CNM6>  +C869*L0<3  CKHBF+ 
KSEP> >  +C1 044*OLIM 

IIN-R. I IN  =  IPII9MNR 

I  CPU £-8 .  I  CPUS  =  IP  1 09  ♦  I  NR 

ITRUE-R. I TRUE  =  IRIT9MNR 

I  Hi:— FI.  I HS  =  IPIH9*TNR 

I  SEP-8.  I  S  EP  =  IRIS9MNR 
P.lH  =  P. IRM+P. IRC 
IIEP-H. IIEP  =  IPEP9M IN 

I I  CP-8 . 1 1  CP  =  I  PC P9* 1 1 H 
1 1  F'P-R .  1 1 PP  =  I  PPF‘9*  1 1  tl 
IIR-I-R.IIFM  =  IPFM9MIH 

I  INF-8.  I  INF  *  IPNF9MIN 
IICH-8.IICH  =  IPCH^IIN 
IIME-8. 1 1  ME  =  IPNE9M  IN 
IIFP-ft. IIFP  =  IPFP9M  IN 
IICn-8. IiCM  =  IPCM9* I  IN 

I I  "'3— 8.11.6  =  IP"G9*IIN 
1 1 PF— ft. 1 1 PF  =  I PPF9* I  IN 

Ii.K  ==  0.  £5951*XDI6-*-0.  c'6044»XOPF 

D. Y  ==  1.5711 9* XOIN-E.X 

Ii.  KILT  ««  E. X*-l >♦  •:  0.  1*E.  X'-l  •  'E.  X  <-£'»  ♦«.  4»E.K  ■ -£>  'E.  X<-3.>* 
0.4»E.  X  •:  —  3>  ^  E.  X  <  — 4  >  *0.  1  ♦E .  X  C— 4  >  /'E.  X  1  —5  1  > 

E.  XI H  ==  E.  Y  •  -1  >  ♦  -  0.  1  ♦£.  Y  c-P  xD.  Y<-c>  +0.  4*B.  Y <-£>  'B.  Y  c-3>  ♦0.  4 
♦E.  Y  <-3>  /B.  Y  <-4  *  ♦0. 1»E.  Y  04  •  '£.  Y « -5 >  > 

I70T-8.  I70T  =  C675+C676* I  S  70T  <— 1  >  +C 677*E.  XILT+C678*  <'  E.  X- 
CPNE70-CPE70C  +C680»  <XR6T70 <-l>  -XRGTN f-l)>  +C681  ♦  Cl  00.  ♦EEN9>- 
P I WH70- 1  00 .  ♦PEN9  <- 1  >  'P I  I.IH70  c-1  >  -C88£> 

IS70T  =  IS70TC-1OI70T 
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I70NTR-R. I70NTR  =  C684+C685#IS70NTR <-l> +C686#D. XIH+C887# < 

D.  KIH-D.Y-C6.88>  +C689#C>66 

IS70NTR  =  I S7 ONTfl  <>  1 >  + 1 7  ONT ft 

1 00. ♦ ' p. I  CP— R. I CP> /TSUHOLD  =  C654+C655# <QT5 0-22. > ♦CSH71+C £33# 

i?  R  £ + C  3  3 5 ♦  0  6  8 7  0  f  —  1 ) 

P. I TOTRL  =  P. INR+P. IRM+P. IRC 

K I TOT-R . k I  TOT  =  <l -DERR '  - 1 > #Dk 1TDT <-l > > ♦ <K I  TOT <- 1 > -C 1 04  #k I  TOT 
•  - 1  >  >  +C  1 6 0#  i  O-YP  - 1  -C478  >  #C 1 6 1  #Pk  N 1 D I  ♦  1 1 N  <  - 1  >  +C  1 62#PKN2D  I  ♦ 

I  IN*  -2  *  +C 1  83#Pk  N  3D  I  ♦  1 1 N  <-'*:>  +C  1 *4#PkN4D I  ♦  I  I N  <  -4  :> 

k  I R-R.  k  IR  =  *  l-DERP  C-l>  #Dk  IR  <-l  >  >♦<>.  I TDT-KIT589  * -1  ">  -k  IHR29  r-l 


1  C  P-R .  k  CP  *  *:  1  -DERR  *  - 1  *  #Bk  CP  < - 1  >  '<  ♦  <y C P  <—  1  >  -C  1  05#k  CP  *  - 1  >  *  +C  1 6f. 

♦  >  ;.=  L  T-  *  - 1  •  -C  4  79  •  ■*•*:  l  t  m  DC  ♦  I C  PlJE  •  - 1  • 

k  Tc  -R.  k  TP-  =  *  1  —  DE-'RR' 1  —  1  *  #Dk  TP‘ 1  —  1  *  .>  #  *  k  TP'  *  —  1  ’*  —  C 1 89#k  TP  *  —  1  •*  >  +C  1  87 

•  ,  HR*-. .  -1  .  — r 444  >  +C  1  R£:#Pk  Hi  DT*ITPUE  ■  —  1  *  +C  188#  ‘ Pk'N2DT ♦  I  TPUE  *  -2  •  > 

•TR-R.^TR  =  k  TP'+k  I  T58  9  1  -  1  ' 

»  TI'JI-R.*  TC'Jl  =  C170#OIH8?#C171#OIHR*>#OT50#C178#'l.-OIHR5i# 

:  1  7  •  1 .  -  :  HR  f.  ■  ♦.-•TT.rt-K  1  74*  •  EDM'9  PI'.W7  0  • FDM  9  *  - 1  •  PI'.IH7  0  .  -j  .  .- 

1  .  • 

*  :  T'1-R.  k  *:  Oil  =  ■  1  -  DERR  •  -1  •  #D*  COM  •  -1  •  •  ♦  •  ►  COM  ■  —  1  •  - 1  78#*  COM  .  -  1  •  . 

*  '  1  7*r. •*"'■•  c.  ■  -1  •  +C  1  78  #  ■  —  1  •  -088  *  -£•  ■  >  *■<'  1  77*P'k  M£C  QM#  IIEP  •-£'•♦ 

c i ~r*p.  Hie om* i:ep  •  — :  • 

.  Ht  R-R.  ‘  HER  =  •  1  -DERP  •  -1  •  #[ik  HEP  <  -1  >  -  *  •  k  HEP  *  -1  1  -C  l  84#k  HEC  »  —  1  ■  ■ 

♦  1  r  0#i*«82  '  - 1  *  #C 1 31  *Pk  M]  DH*  IHl  •  -1  • #C 1 81  *P'k  Nc'DH#  I  H  ;  •  -£'  < 

I  H--H.I  Hk  *  k  HEP ♦C  84  0  C841#>  I H*:’ £"-*•-  1  1 

k  : ep-r. »  :ep  *  *i -derp • -i * *0k : ep  *  - 1 • • • ■ >  :ep • -1 • -c 1 8£#k  :ep  *  - 1  •  • 

♦  I  1  :'r  -  1  ■  +C  1  87#  •  070  •  -  1  .  -07  n  '  -£'  •  >  #C  1  85#Pk  N4  I  EP#  I  I  EP'  *  -4  >  ♦ 

C  1  85#p*  M5  :  EP#  IIEP*  -f.  • 

»  RIP  -R.  k  RIP’  =  *  l-DERP'  *  -  1  •  #D‘  RIP  *  -  1  *  ■  #k  RIP  *  -1  •  ♦  <-'1874  •  #C  1  89# 

Pk  H 1 R I  P‘#  I R  ’  - 1  *  ♦CR7£,#Pk  H£R IP#  IR  ■  -£  •  +C  1  88#  <ORR  *  —  1  >  RC'P  7  <  -1  *  «• 

i  j  —  1  »  • 

k  I  .l-R.f  IU  =  C  1  R4#k  IW  r -1  >  #C  1 8T>#  *  MI E I N  <  -1  k  R  <PPEX9  *  - 1  •  #P7 1 8E8  *  - 1 
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1 


p  iep-R.  k  IEP  -  < t-DBBP  <- 1  >  *DK I EP  <- 1  > >  ♦  <K  I EP  <- 1  >  -C 1 99*K  I EP  <- 1  >  > 
+r.  1 9 n*PK  hlIEP*II EP  <- 1 )  +C 1 9 1  *PKN2 1  EP*  1 1  EP  <-2>  *PK'N3 1 EP*C  1 9 1  ♦ 

I  I EP ( -3  >  +C 1 99*PKN4 1 EP* I IEP  < -4> +C 1 98*PKN5 1 EP* 1 1 EP  <-5) 

»  i  C  F'-H.  r  I  CP  =  C 1  — I'BflP  ■>  1  >  *Dk  I  CP  <- 1  >  >  ♦  <K  I  CP  <>  1  >  -C2Q4*K  I C  P  1  >  > 
+C201*  i  of  TP  >  -1>  -C4?8>  *0202*068  (-1)  *C203*PKN1 1  CP*  1 1  CP  1  -1 >  *0203 
♦PFN2  I C  P*  I  I  CP  C-2>  +C2 03*PKN3 1  CP*  1 1  CP  ' -3  •' 

i  i Pp-H.  k ]pp  =  <  1  — BBftP f-1  > *DkI PP <-l>>* (K  IPP (-1  -C£08*k  IDP ■  -1  1  > 
+C20 r*  •  PK  Ml  I P'c  * I  I  F'P  <-l>  +PK  N2IPP*I  IPP'  -£>  *PK'N3IPP*I  IPP  <-3.>  > 

1  l  FM-h  . »  I  FM  =  <1  -I»BftP  <- 1  '•  *Dk  I FM  ('- 1>>*  <Y  I  PM  '  - 1 )  -C  1  93*(  I  PM  •  - 1  "> 

♦  r  1  01  I F  M*  1  I FM  -  i  >  +C  !  9c'*PK"N£‘  I FM*  I IPM  ■  '■-£.>  +C 1  92*PK  M3 1  PM* 

1  I  PM 

i  ith-m.v  ICM  =  i-DBftP  (-P  *I»r  ICH  > -1  <y  ICHC-l  >  -C21  l*K  1CH--1  •  > 

+  ,  ♦;  piv9  ,  «  ,  OF  v*  >  -1  :■  -C478  <  *C21  0*PK  M3  ICH*  I  ICH<-3>  +C21  0*PKM2ICH* 

1 1 :  m  .  -  e  . 

t  ioe-h.  »  I  MI  =  '  1 -BBftP  •  -  1  •  ♦  Ilf  IMB<-1  I  MB  •  —  1  ■  -Cell  5*1  I  MB  ■  —  1  ■  ' 

+  r  :•  i  £■*  .  OF'i'F'  *  - 1  •  — C  40.3  •  +f  £  i  3*  i  088  ■  - 1  •  — C  29?  '  *C  2 1  4*p>  m  3  I  Ml  *  1 1  MB  ■ 

-1  •  +  ;il4*p>  Mi  1  MB'*  I  I  MB  •  -*■ 1 

♦  JFF-H.  *  IFF  r.  •  1  -BBhP  •  - 1  <  *DK  IFF  '  -  1  '  <  ♦  •  ►  IFF  •  -1'  -C21 8*»  IFP  •  -1  •  ■ 

♦  i  p*  .  ;.c  .  t  .  -  1  •  -'147  3  *  *C  2  1  7**‘  M  1  I  FF*  I  IFP  '  -  1  1  +  C21  7*  FI  Me  IFF*  I  I  FP 

.  I 0-9. »  I  ■  M=  '1  -TiBmP  <  -  1  •  *IM  I  C  M  .  - 1  .  .  «  I »  I  c  M  •  -  1  ■  -C  28 0*‘  I C  M  >  - 1  •  1 
+  ,;  :  1  -  H  ■  -  1  ■  -r  3  Oil  ■  +.;  iii*fi  H  1  I  C  M*  I  I  c  M  ■  -  1  ■  *r  £'£  J*Pl  M2  I  C  M*  I  I  CM  ■ 

-3  3  £4*c*  M  31  CM*  I  I  CM  •  -  3  •  22p*P»  M4  I  r  M*  I  I  CM  '  -4  • 

.  J  ;  _;-9. 1  I  :  3  =  <1  -DBPS  •  - 1  •  *Ii‘  I  3 *3  •  —  1  ■  <  ♦  • »  I ZG 1 -1  1  -C 2  30*1  I  Z  9  ■  -  1  ■  ■ 

♦  3  £•£•  **pv  Mil  3  9*  II 3  9  •  -1  «  *C  228*  • 08 1  <  —  1  •  -  3  "re  •  - 1  1  1 

i  j  pf-h.  k  I  PF  =  ‘1  -BBftP  •  —  1  *  *D‘  IPF  >  -1  ■  >  ♦  1 V  I  PF  >  -  1  1  -C  1  Or  *(  IFF  '  -  1  '  ' 
+  •  3  ;■ :  •  , -  i  >  —  OPE  •  —  1  i  •  *C  2  38*P>  M 1  I  PF*  1 1  PF  '  ~  1  '•  *C  2  34*PM  Me'  I  PF  • 

I  IFF  .  -£  ■  *C  £  3f.*CM  M  •  IFF*  I  I F-P  ■  -  3  • 

i  3  i.riML  B-h.  f  Z IJMQL  =  ►  h  I P+ m.  S*  •  £  •  •  *  HH*»  CP*K  IM+t  C  QM*t  Th*(  .EP'~ 

•3  i  it  ».  ]  T3T*C  1  pi'i*  *  op  i'F-C  438  •  *C  181  *1 1 M*C  1 82*Pf  Ml  D I  *  1  I M  ■  - 1  1  *C  1 8  3 
«;>  03  iii  *  j  j h  .  -£•  •  *r  i  p.4*p»  ':I'I  *1  IN  •  -3  •  -C  1  0?*f  CP*C  185*  •  C'PL^-C^r*  ■ 

♦  .*  ]  p.k*  I  -3  P  ijI.-C  1  P.9 ♦ k  TP+C  1 87*  < 08-5-C  444  •  *C  1 83*  I  TPUB*C  1 88*PP  M 1  BT* 

I  TP  '.if  •  -  1  •  —  C  1  73*»  C OM+C  1  r?*C'85*C  1  ?8*  ( 088-088  ( - 1  1  >  *C  1  ??*PK  Ml  COM* 
!  3 FP  i  - 1  i  1 77*Pf  M2 C DM* I  ZEP'-2'-C  184*h.HBF*C180*062*C  181*IHC* 

C  3  31 *P1  Ml  pH* I HZ (-1 > -C 1 32*K  SEP*C 1 88*08 3+C 1 87*  *070-070 • -1  1 > ♦ 

C  l  :35*C4  M3 '  EP*  I  ZEP 1  -  3  •  *C  1  S5*PK M4 CEP*  I  SEP  <-4  >  > 

v  I PPM-8 .  K  I  PPM  ■  C 1 94  *K  I  PPM  '  - 1  >  *C  1 95*  •  MTM 1 2  09  <- 1  >  /'P?  1  GE 9  C- 1  >  ' 

\  J  C  H*»l— ft.  K  1 CHM  *  C194*K  ICHiii  >  -1>  +C  195*  <MIECH  (  -1 '  '  •  F'PEV:9  •  -1  >  ♦ 
P71GE9 • -1 >  )  > 


KIMBM-rl.  K’lMBM  *  C 1 94 *K  I  MBM  •:-!>  *C195*  CMTM1  005  •  - 1  /P71GE9  <-l  >  > 
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0.1 1  -ft .  i.l  I  >  /PRC  <>  1  •>  /  <0884*  CKO  I  N/NM  I)>  -(..I  I  <-l>  /PRC  <-2)  /  <0884*  < 
KOIH  C-l  >  /MM  I  <-l>>)  *  0454+C453*  <0450— MI  <-l>  /PRC  <-£>  /  <0884*  < 

KO IN ■ — 1 > /MM I <- 1 >  > > > +C455* <QMREF-2 . *0457) +C456*  <06 1 -0457) +0458 
♦  <XflGT70-XHGTN+  CXftGT70  <-l )  -XftGTM  <-l)  )  > 

DHMft  1  ==  046 1 +C462*  <  1 .  — PSH68)  ♦  <0T5 0+0463) 

1  0.  ♦  <  <WftS-ft.  WAS) /PRC <-!)>/ CXftGTM C-l)  /NftT  C—  1 )  )  —  1  0.  ♦  cMflS  <-l)  / 
PRC <-?) ) / CXftGTM <— 2) /NftT  C-£) )  «  0460+0459* CDHMftl-1 0. ♦ <MftS C-l ) / 
PRC C— 2) / CXftGTM <-£> /NftT C-2) ) > ) 

DHWR2  ==  0466+0467*  C 1 .  -QSH68)  ♦  <0T5 0+C468) 

1  0.  ♦  C  <WflK'-fl.  l.lftK)  /PRC  C-l)  /  CXAGT70  C-l)  /NftT  C-l)  )  )  -1  0.  ♦  ci.iRC  C-l)/ 
PRO <-2>  /  <XftGT70 C-2)  /NftT  C-2)  )  )  =  C465+C464*  <DHMft£-l 0.  ♦MftK  <-l  >  / 
PRC  C-£> / CXftGT70 C-2) /NftT  C-2>  >  > 

CMC— ft.  MO  /WI  =  0469+0470*  CQT50+C471  >  ♦  ci .  -P69DN> 

Ci.lTC— ft.  WTO)  /MI  =  C472*WTC  c-l  )  /wi  <-l)  +C473*  <06162-2.  *0474 > 

C!ilC-ft.  I.) ;  .•  /Mb  =  L/4  1  +1.1  _  »  —  1  >  /Mb.  c  — l  >  +C£4£+  c ,06668—  3 ■  *C£43> 

CMGS-ft.  MGS  >  /MI  =  C244*MG3  c-l  >  /Ml  <— i  :•  +0245*065 

CWftGE-ft . WftGE >  M I  «  C 252+C 25 3*069+0 254*0 3 H65 

CMRGPM-ft.  MHbFr-1.  ••  Ml  =  0255+0256*  CMRi5PMC-l>  -MI  »-l  >-l.  •  +C257* 

Oi M633H 

c MftGCP— ft .  MftGC P  ■  -  '-I I  »  C 253+0  259*03 H68 3  H 

CMftGEP— ft.  MftGEP >  /M I  =  026 0+C26 1  *  c MftGEP  c  —  l  >  /M I  c  —  l  >  —  l .  >  +0  £62* 

n3H633:H 

cMftGMP-ft.  MftGNEo  /MI  a  0263+0264*  CXOMB/NMI ME:/  c  KOI N-  MMI  ■ .» +0265*  1 
MftGMB  c  - 1  >  /M I  <  - 1  >  - 1 .  > 

CMftGCH— ft. MftGCH > /MI  ■  C266+C 267*03 H6S3H 

CMftGFP— ft.  MftGFP)  /MI  =  0  268+C269*03'H68  3H 

CMftGPft— ft.  MftGPft  >  /•>!  I  —  C£7  0+027 1  ♦  CMftGPft  <  - 1 )  /W I  C—  1)—  1.  ■ 

CMftGOM— ft. WftGCM) /MI  *  0272+0273* <MftGCM<-l  >/MI  c-l > -1 .  >  +C274* 
PSH68SH 

CWftGSG— ft.  WftGSG) /MI  =  C275+C-276*  CWftGSG  <  — 1  >  /MI  <—  O  —  1.) 

CMftGPF— ft. WftGPF) /MI  =  C277+C278*  CMftGPF C-l) /MI C-l > -1 . > 
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O.iIRGCO N-R.  WRGCOfO  ✓MC  =  C£4?+C£4S*(?SH65 

WRGR-R.  MRGR  =  C£46*mIRS 

t.IRGT C-H .  MRGT C  *  C£49*MTC 

MRGTIi-R .  MRGTD  *  C25 0*WS+C£5  1  ♦QSH68 

ZGi-l-R.ZGl.l  =  C£79*  <NMI*WI*4WC^MC+NMTC*«TC+NMS*WS+MM6*WS$+1  000. 
♦NRSDV»i'iRi>  -'l .  000000E06 

ZWP  =  NRk'OL*  •  WRK/'IOOO.  > 

LOG  <Z£RG-ft.  ZSRG  1  =  CS80+C2S1  *  '"’LOG  'PRF  C  7* 0  1  +LOG  r  .'■! R G T 71 0  1 )  +C£8£*  * 
XRGT70-  XRGTH-1 . .)  +C£83*0'69 

ZM PR  =  3.3£'3.5:<5*NMD9 

ZT*^»  —  ZGM+Zi,'^+?SRG^I'TPftH+ZF'CP9 

ZTD  =  Z  T  G  -  T  R ' !  E  ;  -  T  D  U E  !  9-  T I N I P  9 

ZIP70-0.  ZIP  70-ZIK  70  •  -1  >  *  C£84+C£85*  < XRGT70 ■•'XRGTN- 1 .  >  +C£86*  1 
XRGT70 < - 1 > ••  XRGTN • - l > - l . > 

ZD 70  =  100.  ♦ZTD  PCD70+ZIP 70+ZMPR 

i'ZPG-R.ZPG>  'ZF‘G'-1>  =  C£87*C£88*OE££.8+C£89*070*C£90*  1  ''RGT70 
XRGTM-l  .<  +C£"-M»|-,  '  h*:  5 

c zru-R .  zdt  ■  •  zdt  •  - 1 «  =  c £?£♦  •  *■ : umol r<  » : uwhld  •  - 1  >  >  *c £9 :■* 

C  £94*  <  o  3  Ht.7-0 1  HE 7  1 '  < 

C‘HP 7 0-R .  PHF7 0—PNF7 0  •  —  1  >  *  C£95*C£96*  ' D.  MI  -PNP70  - -1  >  • 

PIPF70-R.PIPF70-PIPF70<:-1  »  *  Ct50*CE51*'0.liit-PIPF70--l  •  ■■K*5£ 

♦  •  PRF C  7  0-PRPC  70  •  —  £  >  ) 

■  PRPC  70-R.  PRPC70  •  'PRCC70  <  - 1  •  »  C99£*C993*C*c.9*C  998*i"lGPDW  »PGP9 

♦  XGPTN  >  +C  999*  1  XRGT70  <~1  >  •'  XRGTN  > .  —  1  :•  —  1 ,  >  ♦C'975*0G5G7 

PFCC  =  CC,7E*F'IPF70*CC,77*PRFC  70 
F'pr  =  O.E*PFi:c+0.4*PNF70 

PIUL70-R.PIW_70-PIML70<-1  >  =  C978-K979*PE?*C980*G'73*C991*  < 

D.  WI— PI Ml 70 ■ -1*  > 


£55  s  PII-R.PII  *  C995*PXCDH9+C99**PIMH70 
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PIC-9. PIC  =  C997 ♦PXCDN9+C94  (•♦P 1 0.IH7  0 
PIT-9. PIT  =  C94 1 ♦PXC0N9+C94£»P I WH7  0 
PI  3-9. ® IS  =  C943»PXC0N9+C944»PH,IH7Ci 
c'  I H  S— ft .  P I HS  =  C945»PXCDN9+C936»P  I  '..IH7  0 
P I ft— 9 .  P 1 9  =  C9374pXCDN9+C938»PIWH70+C916 

p5NP-ft.  PGNP  =  C917+C91S*C'T5Ci+C919»QPP67+C885»X9GBV+C886»  <XCJIN 
••'XOIN  < —  1  .>  —  1 .  > 

PCB70-9 .  PCD7 0  =  C65£+C657^QT50+C658*  <  X9GT70/X9GTN—  1 . )  +  C 6 0 1  ♦  (' 
X9GT? 0 O 1 > 'X8GTN t  - 1 > - 1 . ) 

(  TDP-9.  TDP)  ■■"ZPG  *  C480+C48J  ♦  <BD9/BGN+C48£>  +C483»G'S  H67 

CTT-9.  TT>  x  CZGM+ZMK  >  =  C8?9»9$He>8SH+C880»G»SH£8+C486*  ( 1  -QSH68>  ♦ 
PT50+C487* <PRC <-l ) xPRC (-J)-J . >  +C489*  (BD9/BGN+C49CD 

1  TD33-9.  TQ33)  xZPG  =  C491  +C498»P6165+C493»P5880+C494»G,687£ 

<T3Ii-9.  T3IO  x <ZGi.i+ZI-iP  •  =  C495+C498»i''6788 

,  tpop-9.  TPDP>  'tZGM+ZW-:'>  -  C497+C498*P59!:*9+C499»C>G4P.? 

T9  :E*:  =  TPQc+Th  :9 

TP  =  TDP+TT+TOS  3+TPDP 

■  EGN-9.  EGN> /EGH'-l  :<-l .  «  C500*  <JP/ TP  <-!  »-l.  >  +C501  ♦  •'  TP- TP  •  -1  "■  - 
1 .  >  ♦  <  TP  C- 1 ;» -B6H  <  - 1  >  > 

«BF-9. BF> xBF  <-l >~1.  *  C50S+C303* <BGN - BGH *-l >-l . > ♦C504* <BD9- 
BD?<-1> -1 . > 

CE3C-9.  BSC>  'BSC  <-\ '» -1 .  «  C508+C507*  <MGS'W6C  <-l  >  -1 .  >  ♦C508* 

:  h7  i  sh 

'BRB-9.  B9D'  'B9B  <"-1  >  -1 .  =  C509+C51  O*  <l.lGS'W6i  <-l >-l . > 

-9.  BHflUK)  xpNRUk  .  ■  C5H«-CM£»OT50 

<  BTP9N— 9.  BTP9N  i  /'BTP9H  <-l >  -1 .  *  C51 3+C514*  (MGS'WGS  <-l>-l .  >♦ 

C? 1 ?♦ r VGPT 'XGPTN- 1 . ) 

BPES-9.  BPES  *  BGN-  CBF+BSC-*-B9P+BD9> 

BBT  »  BB9+BBP9+BD3P9 
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>**  .i 


BPT70  =  C5£l  'C522+MMD9+PDSR9+1  00.  ♦  cBDN9/PIWH70>  ♦BDR9.' <0.  £♦  < 

••lij 3-'C5c'5  1  +0.  8+  <PIWH70  1  00.  >  > 

•  EN?CMCM-A.ENFPMC> '•PM2HUS9  *  MU1*  <-\2. 472+0. ££8+YCMEA9+6. 834+ 
F‘FLMUS9>  +KRPPR  1  'PM£HU S9*EXP  <  PS  1 1 +PH0 1  +9T5  0+TRU 1  > 

EPMCM-A. ERMCM  =  ENFRMCM+EFUELEE 

CEMRCU-H. EMACM> /PM1HUS9  *  MU£+ CC 703+C 704*06870 C-l >  +C?05*OFYP+ 
C706* YCMEA9+C7 07*  CERMCM-'PM£HUS9>  )  ♦KRPPA£/'PM1  HUS9*EXP  <PSI£+ 
RHO£*OT50+TAU£> 


EGPCM-A.EGRCM  =  MU  3* CC  708+C709*SUM •  I  *  -3  TD  -1  s  <XGRT<I>- 
XGRTH  <  I )  >  /-XSPTM  •  +C1  045*PGR9+C1  046*970  c-l  >  )  +fcAPPA3*EXP  CPS  1 3+ 
PHD  3  *C'T50+TA  U  3 > 

eCDCM-A.  ECOCM  =  MU4*  r.C71  0+C71 1*  •£.  *XRGDV  <-l>  +XRGDV  •  -£>  >  ^3.  + 

0 7 1 £♦ « 0 . £595 1 *XDS6* 0. £6  044*XDPF -CRND70-C  RD7  0> +C7 1 3*PM3HUS9>  + 
t  Hr  PR4*£XF'  *PS I 4+RhG4*''<T50+T HU4  > 

ETC'M  =  ERMCM+EMACM+EGRCM+ECOCM+EUSCMR 

ENETCM  *  ETCM-MTCM 

•  EFIJELD'.'-A.  EFUELD  •  'EFUELP'.i  =  MU5*  1  -0.  £44163*0.  E807£*C,LT50>  + 

►  hc'Ph5  'EFUELRm*EXP  <  PS  1 5+FH05*i*'T5  0+TAU5  > 

EMRPM-R.  EMADW  «  M'J6*  •  r  l  047*01  048*  CFDEBT-F!  Tf  .■  *C  1  049*PMIHU‘  9 
PM  1  DM9  1  +►  RPF'A6*EXP  CPS  1 6*PHQ>:.*C,T5 0+TAU6'  • 

EDMD.I-R.EDMDW  *  MU7* <C766+C793*PM£MU: 9  PM£Di-':,+C797*PTMEGTC9+ 

"  r  S'4*ri<lHlP79  ■  +FAPPA7*EXP  CPS  1 7*PHQ?*OT50+TRU7 » 

EDD-i-A.  £0111.1  rn  mu 8*  cr  j  05 0+C  1  05 1  ♦PM4HU39/PM4DM9+C  1  05£*Z'.IA 1 P79 >  ♦ 

►  RPPA8*EXP  CPS  1 8+RHD8*C'T50+TAUS> 

Encr.M-9.  EHFriM  a  EMADM+EFIJELDW+EOMDW+EDDW 

1  00.  *  1  EGC  DM-R.  EGPPl.1'  /  CPGP^XGRTH)  =  MU9*  •  C?£3*0:H7£+C  ?£4*  * 
XGP«.IE9  'H‘.IE9>  *0SH7£+C730*  CSUM  C I  a  -3  TD  -l  i  XGPT  <  I  >  -XGRTN  <  I )  ) 
XGRTN  ■  *9SH72>  ♦  1  00*KRPPR9x  CPGR9*XGRTN>  *EXP  vPS 1 9+RHD9*OT50+ 
TRU9* 

E-DD'-i-R.  EFDD'.t  =  MU1  0*  CC731 +C73E*  1  0.  ♦PM3DW9*C733*XCROR70 <_1  ^  >  ♦ 
KRPPRI 0*EXP CPS 1 1 0+PHDl 0*GT50+TAU1 0> 

ETDW-R.ETIiW  *  ENFDW+EGRDW+EFDDW 

ENETGP  «  EGPCM+EGRDW+EGRLDCR-MGFD'.l 
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ENETDi.l  =  ETDI.I— MTHI.I 


£  9* :  ETL BC-A . ETLDC  =  MU 1 1 ♦ <C734+C735#MTLDC9+C7364ETLDC <- 1 > +C737* 

EAPHLDC9  :■  +KAPPA 1 1  ♦EXP  CPS  1 1 1 +PHO 1 1  ♦G'TS  O+TAU  1 1  > 

£97 s  EOSC-A. ED  SC  =  MU13» CC738+C739^PETHUS9+C439*EDSC C-l  > ♦CSSS* 

UTLDC9.'  +KPPPh13*EXP  CPS  1 13+RHD1 3*OTSO+TAU1 3> 

£93 :  ETCH-H .  ETCH  =  M'J  1  £♦  •: C74  0+C74 1  ♦G'677 0+C74£>mT5 0>  +KAPPA 1  £*EXP  C 

PS 1 1 £+PHD 1 £*QTS O+TAU 1 £> 

£99:  ECUBA-A.  ECUBA  =  MU! 4* CC:743+C?44^ECUBA C-l > ♦C745*PETHUS9+C746^ 

Q64SS+C1 053*WTLDC9> ♦KflPPA14*EXP CPS I ! 4+PH01 440T5O+TAU 1 4) 

300:  P.ETi.1  =  ETDM+ETCM+ETCH+E0SC+ECUBA+ETLDC+EUSM9 

TPOuL  COMMA MB :  . PPTMDB  EC  301  TO  400? 


MODEL :  CURRENT 


3  0 1 : 


30£i 


3  0  3 1 


304: 


•;07: 


P.  E TM 70  =  1 .  ?♦  •  1  00.  ♦P.  ETW >  <PPEX9*PTX9) 

,  r-i-4(.  MRMCM >  - PE£HU  * 9  =  MU  1 5*  ■' C747+C  748*  < EPMCM+PFIJHU  :?.••• 

F*  M  £  H  U  S  9  ♦  C  7 4  9 ♦  0  6  370  C-l  >  »  A*PA1S'PE£HU£9^EXP  CP  SI  15+PHD1S*C«T50* 
TAU15 ■ 

'MMACM-A. MM ACM >  PE  1  HUS 9  *  MU 1 *♦ < C7S 0+C 75 3*EMACM XPM 1  HU  1 9 1 ♦ 

I APPA 1 3  PE 1 HU " 9*EXP • P 1 1 lb+RHDlF.^OTSO+TAUlS  • 

•  MPOCM-A.  MCDCM  *  /PE3WUI9  *  MU  17*  CC7S4+C75S*C RF70+C 7S8*  1  -.'8RCM9* 
. ':?F,CM9,-1  1  >  ♦C757*089+C7S3*XA8IiV+C759*07S '•  ♦►  APC'A1 7-  F'E3HU'9*E  IP' 
•PI  I 17fPHD17#AT50+TAU17> 

CMCOCM-A.  MCOCM '  '"PE4HUS9  =  MU  IS*  <C760+C761*MCOCM  >  —  1  >  -■  PE4HUI 9  • 
-1  •  *C  78  £♦  'CcTi70*CP'NIi70i  >  +K  APPA1  3  PE4HUS 9*EXP  <‘PS  1 18+PH01  8+OTSO 
♦TAU 1 3 > 


MTCM  *  MPMC M+MMAC M+MPOC M+MC OC M+MIJ SC M9 

1  00.  ♦  CMMADiil-A.  MMADi'i 1  /  <P71GE9f-l  >  ♦  I  IN'  =  MU1  9*  ■  C7P 3+C 784*  '  FDSR 
c-l  '  -CD I PT  ■  - 1  >  >  +C 78S»07S78  1  +1  00*t>  ARPA19'  CP716E9 •  - 1  ' ♦ I  IN  1 ^El  IF'  C 
E* •  1 1  9+4HC i  R+OTSO+TAUl  9'* 

'MRMD'ii-A.  MPMDI.O  /PMEPw-5  «  MUE'O^  CC7S 7+C768#X3 1 N+C7694  CFDiP  ■  -1  >  - 
OP  SF’T  '  —  1  1  >  >  ♦KARPA£0/'PM£I»M9*EXP  <PSl£0+PHD£0^OTS0+TAU£0> 

CMC  OD'C-A.  MCOIiM  *  ✓PM4DW9  ■  MU£1  ♦  CC770+C 771  ♦CR70+C77£^  CFDSR  C-l  >  - 
ODS  PT  C- 1  >  >  +C773*07 1 7  3  ■  +►:  APPA£  1  -'PM4DM9»EXP  CPS  I  £  1  ♦PHO£  1  ♦0T5O+ 
TAU31 ■ 
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MNGBM  =  MMADW+rtPMDW+MCDDW+MUSDH9 


MTDM  =  MNGPW+MGRDW 

MTLDC-ft .  MTLDC  =  MU22+  <  C778+C779+ETLDC+078  Q+PM2PW9/'PM  1 DW9+C78 1 
♦MTLPC  <-l)>  +KRP  PA22+EXP  <:PSI£2+RHD2£+©T50+TfiU££> 

MDSC-B.  HOSC  =  '  MU23+  <C782+C783+E0S0>  +KR PPR23+EXP  CPS  1 23+RHD23+ 
OT50+TRU23) 

MTCH-fl.  MTCH  =  MU24+  <0784+C785*ETCH+C786+©6164>  +KFlPPfl£4+EXP  < 

PS  I  £4+RHD24+©T50+Tft'J24J 

MOUBR-R.  MCUBfl  =  MU25+  C0787+0788*  CXSUG9+PSUGSU9)  >  +KRPPR23+EXP  < 
PS  I  £  5 + P  H  0  £  5  ♦  P  T  5  0 + T  H  U  £  5  > 

P.MTM  =  MTBU+MTCM+MTLDC+MDSC+MTCH+MOUBR 

P .  MTW7 0  =  2.  ♦  C 1  0 0 .  +P .  MTt.it .5  ✓  CPREX9+PTM9) 

1  0 0.  ♦  < MTM 1  0 05-R .  MTM 1  0  0 :■ .  <  1 1  MB+P7 1 GE9  C- 1  >  >  =  MU2G+  C0794+C795+ 
07 0+C79G+  CFPS  P  <- 1  >  -PDSRT  C- 1  >  >  >  + 1  0 O+KRPPfiSt.-'  <  1 1  MB+P7 1 GE9  < - 1  >  >  ♦ 
EXP  CPS  I 26+PHD26+0T5 0+TRUS6 > 

1  00.  ♦  <MTM1209-«.  MTM120>  <1  IPP+P71GE9  C-l>  >  ■  MU27*  CC798+0804+ 
©FYP+C808+  <'FBSP  <-l>  -OBSPT  <-l  >  >  +0809+07374)  +1  00+KRPPR27/’  <IIPP+ 
p7 1 GE9 • - 1 > > ♦EXP  CPS  1 27+RH027+0T5 0+TRU27> 

1  0  0 .♦•MI  ECH-R .  M I  ECH>  C 1 1 CH+P7 1 GE9  <  - 1 »  >  =  MU23*  CCS  1  0+08 1 1  ♦C'FYP 
♦0823+  CFPS P c- 1 » -OBSPT C- 1  .:•  >>  +  10 ©+K.RPPR28/' < 1 1 CH+P7 1 GE9 <- 1  > > ♦EXP 
c  P  S I  £  8 + *  H  0  £  S  ♦  0  T  5  0  ♦  T  ft  0  2  8  > 

FMETHC-R. FHETHC  »  C82S+C82G+ENETBM+0827+ CETLDC-MTLDC) 

FCPEP-R. FCPEP  =  C823+C8£9^FDEBT<-1> 

FDEBT  =  FPEBT  C-l) +FCDP9-FCREP 
FINT-ft. FIHT  =  C83 0+083 1+FDEBT C-l > 

FPHC  =  FNETHC  +FSEP9+FCDP9+FGSRLE-F INT-FCPEP 
FSTK  =  FSTKC-l>+FDHC 

FGOLPT  =  FG0LPTC-l>+XGOLDT9-FGSFiLE-'P6OLD9 
FGDLBD  *  FGOLDT +PG0LB9 
FBSP-ft.FDSR  =  ■  CFCPEP+FINT)  /ETDW 
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P.CPD70  =  EXP  CLOG  CNP0P9) +LOG  CGflMMfiri) +BETRD+GT50+LOG  <0.  Oil)) 

P.  CPF70  =  EXP  ''LOS  <NP0P9>  +LOS  C6RMMRF)  +BETRF+OT50+LDG  <0.  £49.)  > 

P.  CPNP70  =  EXP  CLOG  CNP0P9)  +t  OG  cGRMMRND)  +BETRND+G'T50+L0G  <0.  07)  > 
P.  CP 2 70  =  EXP  CLOG  CNPDP9)  +LOG  CGftMMRS)  +BETRS+QT50+LOG  CO.  093)  > 
SNPR  =  C947/C94&+ CXRS SUH-RFEEP7  0-RVCP7  0> 

GMPNR  =  C949+X0 1 N+C95  0+XDCN+C95 1 ♦XDTC+C952+X0DT+C953+X0  S V+ 
C954  -'C955+NMD9 

GNP  =  <  SNPR+GNPNR )  -'C956 

SNMP  =  GNPR+C957+X0 1  N+C95S+X0CN+C959+C96  G+X0TC+C96  1  +C962+X0DT 

ZI-HJM  =  CZGM-NR':0'v>MRS"  l  000.  )  ✓  <PCP70.'l  00.  >  +ZMPR 

EPPIHH  ==  1 . 3 8 ♦ X Q  M  E + X D C H ♦ 0 . 642+XOMB+O. 656+ CXDPP+0. 654+X0CP+ 

0. 346)  +  0. 46+XOEP+O. 505+  CXOFP+O. 1 05+XDPR+0. 17+XOCN+O. 1 01 +XDSG+ 
0. 334+XDPF+O. 334) +1 . £41 

UELIN  EPPINB  *  1 . 109-0. 1086+XELP/KELPC+0. 1673+K1T0T-'XD1N 

UELRG  •XRGT70  -  0.  9389-0.  299+XELP/KELPC+O.  9526+KRIRvXRGTN- 
0.  5  3 £8+  (XRGT?0-'  XRGTN-1 .  > 

UELTC'  'HPTOT  =  0.  0243-0.  0 03£9+XELP'KELPC+  0 .  01956+PHPLE9 

C-JELHMM-R.  iJELHHM 1  /tip OP U  «  0. 6685-0.  £065+XELFvKELPC  +  0.  7546+  f 
SUM  Cl  =  -6  TO  0  :  CPB70  ci  :•  >  ✓NF’DPU)  +0.  5045+ZWUM'NPOPU 

CUELCN-R. UELCN) /XDCH  =  0. 1394+0. 08234+KCFvXDCN 

UELOSS^XELP^  CUELDSS  >■- l  >  ^XELP  <-l )  )  -1 .  =  0.  0468+1 . 79952+ •: 

XEL P C TL 9 •'XEL PC TL 9  C-l )  -1 .  >  -0.  01393+QLT50 

X£LP  =  UELIN+UELRG+UELTP+UELHHM+UELCM+UELOSS+EFTEP 

XELRP  =  C3. 77+0.  0164+0750)  +K'ELRPC9 

XELHP  =  £8.605+2. 71 2+KELHPC9 

CKELpC-R. KELPC ) /KIEP  =  1 3. 878-2. 91823+QLT50 

KELTPC  =  KELPC-KELRPC9-KELHPC9 

XELTP  =  XELP-XELHP-XELRP 
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tJPXELTP/XELTP  =  0.4568+0.  1 5+  CIJCDXELTP/XELTP) -0.  18808+  <OLT50- 

3. £53 1> 

XELTP/UFXELTP  =  CMCDE9+  CKELTPC-0.  98+KELTPC  <-l>  »  /KELTPC+ 
UCOXELT*  <:-l>  /UFXELTP  <-l>  +  0. 98+KELTPC  <-l)  /KELTPC 

IJPPXEL  TP-  UFXELTP  =  •  CMPPE9+  CKELTPC-O.  98+KELTPC  C-l  >  "■  /KELTPC+ 
UPPXELTP • - 1 > -UFXELTP <-l> ♦O. 98+KELTPC  <-l) /KELTPC 

UGAXELTFv  UFXELTP  =  CMGAE9+  CKELTPC-O.  98+KELTPC  C- 1  >  )  /KELTPC ♦ 

UG AXEL TP  - -1 > /UFXELTP C-l > +0. 98+KELTPC C-l > /KELTPC 

DJTPUTNT  ==  l . 571 1 9+X0IM+  0. 85379+X0CN+5. 38/3. 535+NMD9+0. 70484 
/0. 74 1 1 6+  CXAGTU— RVCP7 0> 

HFTDT/DUTPUTNT  =  6. 164+9. 395+  < CXTDIPEU+XTCDPEIO  / CXTDIP+XTCDF9 
:>  +1 . 366+OLT50 

LOG  C 0 . £5/ C K AUTO / N P □ P 9 / 1 000. ) —1 . )  =  7. 4 1 ££7—0. 1 8476+0 T5 0 

LIFLPPT/HFTDT  =  0.  05309-0.  01£££+OLT50 

LOG  '"1 .  -0.  1/UCDMF>  =  0. 000935-0. 000869+9T50 

IJFLPPNT  •  OUTPUTNT  =  0.477895-0.  0383E+CLT50 

IJLF'PMF  =  UFLPPT+UFLPPNT+KAUTO-1  000. 

TP PI  HD  ==  C-30. 468+0. 679+X0ME>  +3.  +  C-4. 168+0. 1 436+XDCP+ < -£. 76+ 
0 .  1 568+XQPP  •  >  +7.  £+  •  0. 66  3+0. 8-379+ HOME)  +8 . 4+  C— £.  3857+0.  848 1  ♦ 
XOCH  1  +  7.  3+  1 - 1 5.  067+  0.  3153+X0FP+  C-8.  568+  0.  0545+XDPA  ■  >  +4. 4+  < 

-8. 334  +  0. 1 88 1 +XDCM) +6. 9+  <-77. 1 48+1 . 4£38+XD8G>  +0. 8+  <-73. 588+ 

1 . 6965+/0PF  >  +1.6 

UTPIHIf -TPPIHIi  =  1. 898-0.  385+0LT50 
UTPHHM-NPOPU  «  -1 . 3889+8. 3756+CLT50 
UTPlOC i  -  IJTPTDT  =  -0.  009195+0.  005436+QLT50 

i.l  "PF  ==  1  815+  <  0.  38+  <-33.  0653+0.  6346E+X0ME+88.  9814+PLT50  -  +0.  1 8 
♦/□CM ■  -l 04.697 

UTPTDT  =  CUTF’IND+UTPHHM+UTPF>  /  <1-  <— 0.  009195+0.  005436+OLT5  C"  ■ 
KELTET *:/►  ELPC  *  0. 151789+0. 038988+OLT50 
XTPTETC  =  £5. £4+14. 96+KELTETS 


11-25 


it  rjrtfrTi  r~i 


o.  i  8 9 7 + o .  oooi  o 7+ 


OFBF-O. 15+UC0BF> ✓ CUTPTdT-XTPTETS-XTF’^Erp}  = 

OT50 

DKTP  ==  0.  58+  <5.  8+F IFM+4. 9+k IMB+8.  8+KICH+8.  8+1  IFP+8.  8+KICM+ 

5 .  5+K  I SG+8 .  1  +K  I  PF>  '■'86? .41  +  0.  48+  <37 .  8+K I FH+ 18.1  +K  I  CM>  ✓977.  1 1 

UCOBF-'UFBF  =  CMCQT9+  <DKTP-0.  95+DKTP  <-l>  >  ✓DKTP+UCDBF  <-l>  ✓UFBF  >" 
- 1  >  ♦  0 .  95+DKTP  <- 1  >  ✓DKTP 

UF’PBF/UFBF  =  CMPPT9+  < DKTP-  0 .  95+DKTP  <- 1  >  >  ✓  DKTP+IJPPBF  <- 1  >  /'(JFBF 
- 1  >  ♦  0 .  95+DKTP  <- 1  ✓DKTP 

UGftBF/'UFBF  =  CM6PT9+  <DK  TP-0.  95+DKTP  <-l)  >  ✓DKTF'+UGftBF  r  —  1  >  ✓UFBF  < 
- 1 > ♦ 0. 95+DKTP <- 1 > ✓DKTP 

IJCOKE/'KOME  =  8. 08895-0. 44877+QLT50 

UFSK  =  -1 05. 55+33. 35+LOG <XOCH> 

UCO  =  UCDKELTP+UCDBF+UCDMF+UCDKE 

UHPP  =  IJPPKELTP+UPPBF+UHPPMF9+UHPPFSK9 

ULF'P  =  ULPPHF +ULPPFSK9 

UGri  =  U  G  ft  X  E  L  T  P + U  G  ft  B  F + U  Gft  F  8  K  9 

UFDIPECT  =  UCDKE+'JFSK 

UFriF  =  UCDf1F+UHPPriF9+ULPPMF 

'JF  =  ufxeltp+ufdipect+ufbf+ufmf 

LIFT  =  0.6993+UCDHT+1.43+UPPNT+1. 195+UGftHT 
XTcOF'EU  =  XTCOP-  (.  388.  457+1 .  £03+QT50> 

XTOI PEU  =  XTOIP- <-3886.  5+8440.  4+C'LT50-379.  1 6  3  ♦  C'L  T  5 0 ♦  •  8  > 
XTGftMEU  =  XTGftH- •44334. +4898. 5+QT50- 

XOF'PEU  ==  •' 0.  6093+  <XTDIF'EU ✓ '353.  039>  +0.  3907+  <XTGftNEU/l 97945.  >  ) 
♦  1  00. 

KPEF'OI-ft.  KPEF'DI  =  <-£.  8+1 . 8+QLT50)  ♦  <0.  1S187+KNEWDI  <-l>  + 

0. 14841+KHEWOI <-8>+0. 18151+KHEWOI <-3>+0. 09948+kflEWDl <-4>+ 

0.  08145+KNEkIDI  <-5>  +0.  06669+KNEMDI  <-6)+0.  05459+KNEMOI  <-7>  + 

0. 0447+KHEMDI <-8> +0. 036G+KNEWOI <-9>  +0. 08996+KNEMD1 (-1 0> > 


KHElilQ  I  -ft .  KNEMD I  =  KREPOI +XTO I P-XTDI P  <- 1  > 


3*2:  XTCOP-H. XTCDF  =  39.  421 8+7.  162+XDCP-42.  7276+QLT50 

393:  EFEtCO-R.  FFEECO  =  1  00.  246+YCMER9-0.  473*  (EDEBT-FS  TK) 

394:  EFEEDI-h.  EFEEDI  =  -38674.6+525.  £53+YCMER*-l .  31083+  <FI€£T-Fm 

’l 

395:  EFEEGR-.R.  EFEEGfi  -  -4599.  07+45.  3527+ YCMERR+0.  1  01 152+EFPI.I6R 

396:  EFRl'lCO-R.  EFPWCO  =  18354.9-0.  3801 16+EeFECD+0.  192081  ♦ -FIiEBT- 

p:t»  > 

397:  EFFOOI-R.  FFPMQI  =  38272.  7+191 . 061+ZWAIP?«+2.  30906+  (FIOT-FSTK 

1 —173. 204+EPPW0 I 

393:  EFPURR-h.  EFPI.U5R  =  -23072.  4+1  31 . 985+ZWR1P79+1  001 . 98+EPPWGR 

39*:  EFTEP-R.  EFT£P  =  -12.  1605+0.  1  1  43+YCMER? 

4 0 0 :  EPEECD-h.  EF'EECO  =  0.  67965+EPEECO  <-l  >  +0.  386731 +EPPMCD 

CDMMRmI.:  . PPTMZD  EC*  401  TD  500? 

•101'EL:  CUP-EmT 

401 :  EFEEDI-R.  EFEEDI  =  0.  796025+EPEED I  —  1)  +0.  1  58393+Ec'PMDI 

402:  EPEEGR-R. EPEE6R  =  >  -0.  053997'J  +EPEEGR  '.-l >  +1 .  1  9672+EPPMGR 

4  f  I  :<  S  C  .:.;ac  c— F . .  <ncp>  sXOCP  >■- 1>-1  =  C5  ?  3+  •:  Nil  I C  Fv  MM  I  CP  •:  - 1  >  - 1  >  +C534+ 

FI  CP  *  I C P  ■' 1  ■<  - 1  1  +C5 35+96 1 +C  1  029+C'L  I M 

404:  P.  ::iOME  =  EXP  CC1ME+C3ME+  '-PGVDME+LDG  i'MINPUTME>  +WGVOME+LDG  ' 

MHC’  I  HB+NM I  ME •  +  0 1  -PGVOME-MGVOME  >  +L06  <  1 . 5+FIFM'  1  > 

4  i'ie,:  P. ' :  I DMP  =  EXP  «-ClMB+C3Mft+  <P6V0MB+L0S  flllNPUTHB>  +M'3VOMB+LD6  ' 

MHPfMD+HMIMB.'  +  <:  1  -PSVOMB-Wv'OMB)  +LD6  ('O'  I  MB  '1  •  l 

4  06 :  P. ; : I OC  H  *-  EXP  o:  1 CH+C3C H+  <P6V0C H+LD'3 '  MINPUTCH »  +m«5V0CH+L06  >. 

MNP  I  Mfi+MM  I  CH>  +  <  1 -P6V0CH— W'3VOCH>  +L05  <K  I  CH  >  >  > 

407:  P.  XI DPP  =  EXP  CC1FP+C 3FP+  (PGVOFP+LQG  <MINPUTFP>  +M6V0FP+LDG  1 

MHP  I NP+MM I  FP>  +  1  -PGVdFP-WGVnFP  1  +LD6  <  K I  FP>  •  > 

4  0  5 :  P.  X I  OPR  —  EXP  (C  1  PR+C 3PR+  CPGVOPR+LOG  01 1  MPUTPR  1  +'ii(Vy  DPR+LDG  • 

MHP I MD+NM I  PR  ■■  +  f  1  -P6VtJPR-USV0PR>  +LOG  O  I  FP>  ^  > 

4  0  4:  P.  XI  DC M  =  EXP  <C  1 CM+C3CM+  ‘ P6V0C M+LOG  f'M I NPUTCM:<  +M6V0C M+LDG  < 

MH*  I  MD+NM  I  CM  :•  +  ( 1  -C'6V0C M-UGVDC  M  >  +LOG  •>'  I  CM  1  >  > 

410:  P.XIOPF  *  EXP  <C  1 PF+C3PF+  <PGVOPF  +LDG  t M I  MC'UTPF>  +WGVDPF+LDG  < 

MHP  I  MD+NM  I  PF>  +  <  1 -P6VQPF  — MRVOPF  >  +LDG  O  I PF  ■  >  '■ 
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41  is  P.XIOCN  »  EXP (C1CN+C3CN*  <PGVQCN*LQ6  <MlNPUTCN>  ■H.tGVDCN^LQG  < 

NHRIND^NMO  ♦  <  1  — PGVOCN— WGVOCN.J  ♦LOS  <KCP>  >  > 

412:  P.XIDSG  *  EXP  <C 1 SS+C3SG^  <PGVQSG*LOG ^MINPUTSG)  +WSVOSG^LDG  ( 

NHR  I  ND»NM  I  SG>  +  <  1  -PGV0S6-WGV0SG>  ♦LOG  <K  I SG>  >  > 

413:  P.XIOftG  =  EXP  <C1RG+C3RG^ (PGVDRG^LDS (MINPUTRG) +WGVORG^lOG <. 

NHR‘.Nr^NRT>  +  (  1  -P6V0RG— WGVQR6>  ♦LDGCKRIR) >+C4AG^LDG  <ASGR9>  +C5R6 
♦ JPS9+C6RG* JTM9+C7RG^G75> 

414:  p. XIONC  *  EXP <C1NC+C3NC^ CPGVONC/ CWGVOHC+PGVOHO ♦LOG (MINPUTNO 

♦WSVONiV  CWGVONC+PGVDNO  ♦LOG  (NHR 1  ND^NM  I  NO  >  > 

415:  P.  XI  DOE  =  EXP  <C10B+C30B^<PGVDDB.'<WGVD0B+PGVDDB>  ♦LOG  <M  I NPUTDB:-' 

+MSVOOB-"'  CWGVOOB+PGVOOEO  ♦LOG  <NHRIND^NMO>  >  > 

416:  ETRINR  =  IF  DKIMB<-1>  EG  0  THEN  ETRINR <-l>  ELSE  (l-DBAR  (-1 > ♦ 

UK I MB  <  - 1 > > ♦ETR I  NR  <- 1 ) 

417:  ETRIRM  =  IF  DKIMB<-1>  EG  0  THEN  ETRIRMC-l)  ELSE  (1-DBRR C-l) ♦ 

r»K  I  MB  <  - 1  >  >  ♦ETRIRM  <>  1  > 

418:  ETR IRC  =  IF  DKIMBC-l)  EG  0  THEN  ETRIRCC-1)  ELSE  < 1 -BBRP <- 1 ) ♦ 

UK  I  MB  C- 1  >  >  ♦ETR  I RC  <•- 1  > 

419:  P.INR  =  EXP  f'BELTRINR+ZETRIMR^GTSO+LDG  (ETRINR:*  > 

420:  P.IRM  *  EXP <DELTAIAN+ZETRIRM^GT50+LOS  (ETRIRM>  > 

481 :  P . I AC  =  EXP  (DELTA I RC+ZETR I A*>GT5 0+LDG  (ETR I RC>  > 

422:  P.BPD  =  EXP  <NUBRIi+IDTABRD»GT50+LOG  (SIGMABRIO  > 

4£3:  P.BRO  =  EXP  CNUBRO+IOTRBRO^GTS O+LDG  <SIGMABAD>  > 

424:  P.CR70  =  P. CRF70+P. CRND70+P. CRD70+P. CRS70 

425:  UCONT  =  (UCOXELTP+UCOBF+UCJMFJM . 4+UCOKEM . 25M . 037M . £M . 04+ 

XTCOP^O. 12 

426:  UPPNT  =  XTDIP^O.  1 09+  <ULPP+UHPP>  ♦(<•  71 

427:  UGRNT  =  XTGAN^O.  094 '"1  OOO.+UGA^O.  818 

428 :  <RXTO I P^XTD I P-R . XTO I P-XTO I P  C- 1 > +KREPO I ) ♦ 1 0  0  0/ (I PPDRLD9+ 

IPPDRLB9  <-l>  +IPPDRLD9  <~2>  )  =  2.  74434-0.  03553^GT50+5.  031 93^ 

xtoipeu  c- 1  :>  ^xto  i  p  i  > 

429:  (RXTGRN^XTGAN-R.  XTGRN>  ^HF'TGR  =  3109.  1 8-720.  071  ♦XTGANEU  (-1 > 

XTGRN  (-1> 

430:  XDME  ■  EXP  <CG 1 +CG2^  <GSH68-QSH73>  +  (CG4+CG5*  < QSH68-GSH73> ♦CG6» 

GSH73> ♦LOG  <XIOME>  +CG7^G67> 
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431: 

433: 

433: 

434: 

435: 

436: 

437: 

433: 

43?: 

440: 

441: 

443: 

443: 

444: 

445: 
446: 
447: 
448: 
449: 
450: 
451 : 
458: 


XOMB  *  EXP  ^CGS+CG?*  C0SH68-0SH73)  +CG1 0»QSH73+ <CG1 1+CG18* CGSH68 
— ©SH73) +CG13»OSH73) ♦LOG  CXIDMB) ) 

XOCH  =  EXP  CCS  1 5+CG 1 7»GSH7 3+  CCG18+CG20^©SH73>  ♦LOG  CXIDCH>  +CG81* 
067) 

XDFP  =  EXP  CCG88+CG834 CQSH68-GSH73) +CG£4»0SH73+CG25*LD6 CXIDFP) 
♦CG88»067> 


XDP8  =  EXP  <CG£9+C:G30»  CGSH68-GSH73)  +  CCG32+CG33* CQSH68-0SH73)  ♦ 
C634»0SH73> ♦LOG  CXIOPfl) > 

XOCM  =  EXP  CCG36+C637^ C0SH68-OSH73) ♦CG38^GSH73+CG39^L0G  CXI DCM) 


XOSG  =  EXP  <CG43+CG44*  C0SH68-QSH73) ♦ CCG46+CG47»  CGSH68-0SH73)  + 
CG48^0SH73)  ♦LDG  *  X I 0S6)  ) 

XOPF  =  EXP  CC650+CG5£^GSH73+CG53»LD6 CXIQPF) ) 

XOCN  =  EXP CCG57+CG5840SH68+ CCG6 0+CG6 1 ♦QSH68) ♦LDG  CX I DON) ) 

XOTC  =  EXP  CC'G64+C565^  CGSH68— ©SH73)  ♦CG66^0SH73+  CCG67+CG68*  C 
0  S  H68-0SH7 3 ) +CG69#QSH73> ♦LDG  CXIDTC) ♦CG70^067) 

XDBT  «  EXP CCG7 1 +CG73^0SH73+C674^lDG CX I OUT)  ) 

P. XI OOP  =  EXP  CCG78+CG79»0SH68+ CCG81 +CG8£^0SH68) ♦LDG  CXDCP)  + 
Cs84^t'67.) 

X I DEP  =  EXP  CCG85+ ©♦03H68+ CC688+ 0*QSH68> ♦LDG  CXDEP) +CG9 1 ♦067) 

P . XI DD I  =  EXP  CCG98+CG93* <  QSH68-0SH73) +CG94^0SH73+  <  CG95+CG96^  C 
0SH68-03H73) +CG97 ♦0SH73) ♦LDG  CXTDIP) ♦C'G98*Q67) 

P. XIDSfl  =  EXP  CCG1 1 3+CG1 14^  CQSH68-0SH73) +CG1 1 9^G£H73+ CCG1 1 5+ 
CGI 164 C0SH63-QSH73) +061 1 7^0SH73) ♦LDG  CXTGftN^l 000. ) +CG1 18^067) 

XftGSUM  =  EXP  CQM 1  +  CCM4+CM6*QSH?3> ♦LDG  CX I DftG) ) 

TT70  ==  TT/PCI'70^1  00 

TT70ID  ==  1.007^TT70 

TT70IDF  =*  0.711 ♦TT70ID 

TT70IDC  «=  0 . 9  0  08^T  T7  0 1 OF 

TT70IDM  ==  0. 0159^TT70IDF 

TT70IDG  «*  0. 0833^TT70IDF 

P.  EPM  *■  CEPMCM+EFUELBW+EDriDM+EDSC+ETCH+ECUBP+EUSW?)  s\ 000 
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455 


P.EMM 


<EMRCM+EMimi+EF|PMLDC9)  /I  000 


454 

455 

456 
45? 

458 

459 

460 

461 
465 
4r.  5 

464 

465 

466 
46?: 
46.5 
469 
4  ?  0 
4?1 
4?5 

473 

474 
4?5 
476 
4?? 
473 
4?9 


P.  EFM  ==  CEGRCM+ECDCM+EGRHM+EFDBW+0.  7* EOBW) /I 000 

P.ECM  ==  <ETU>C+0.3^EDDW>/1000 

P.EPPP  ==  P.ERM/ <PPEX9^PTX9/97)^7000  4736 

P .  EM  PR  ==  P.EMM/<PREX9^PTX9/97)M856/1361.1 

P . EFPP  ==  P . EFM/ <PREX9^PTX9/97> ♦74£/8 15.6 

P.ECPR  ==  P.ECM/ <PREX9*PTX9/97> ♦758/933. 4 

P . MRM  ==  CMRMCM+MPMDW+MTL BC+ 0 . 33^MDSC> / 1 0  0  0 

P. MMM  ==  CMMRCM+MMRBW+O. 4^MDSC> / 1 000 

P.  MFM  ==  CMFOCM+MCUBR+O. 3^MTCH+MUSBW9+MUSCM9)  / 1 000 

P. MCM  ==  CMCDCM+MCDBW+O. 57^MOSC+0. 7^MTCH> /I 000 

P . MRPU  ==  P . MRM/ <PREX9^PTM9/94> ♦£67£/£  043 

P .  MMPiJ  ==  P .  MMM/  (PREX9^PTM9/94>  ♦  1 683 . ?/£37 1 . 5 

P .  MFptJ  ==  P .  MFM/  <PPEX9^PTM9/94)  ♦  1 79 0 .  8/ 1 1  £4 .  9 

P.MCP'J  **  P.  MCM/  <PPEX9^PTM9/94)  ♦4998.  ?/l£09. 3 

P.MGPR  ==  P.MGRBW/PWUS^O.  001M03^?98/679 

P.  MPU  ■■  P.  MRF'U+P.  MMPU+1 . 33^P.  MFPU+P.  MCPU 

P.  M*PR  ==  <  P.  MRPU— P.  MPPU/P.  MF'U^TT?  0 1  DM/  0 .  9456)  ♦  <£591/£558> 

p . MMPR  ==  CP . MMPU-P . MMPU/P . MPl>TT7  0 1 DM/ 0 . 9456) ♦ C 1 793/ 1 6 1  £) 

p.  MFPR  ==  (P.  MFPU-P.  MFPU/P.MPIJ4TT70IDM/0.  9456)  ♦  Cl 741/1714. 5) 

P.MCPR  **  <P. MCPU-P. MCPU/P. MPU^TT701DM/0. 9456) ♦ <4 ‘  786) 

MID  ==  MPPR+MMPR+MFPR+MCPR+MGPP 

P. CR570G  ==  P. CPS  7  O-NMG ♦ 1 £8£ . 83»1 . OOOOOOE-06 

P.CFPU  *=  1 . 01433*P. CPF70 

P.CNPU  **  0 . 9 1 868^P . CRNB7 0 

P.CBPU  **  0. 95651  ♦P.CRD70 

P.CSPU  *•  0. 14305^P.CRS70G 
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P.CPU  ==  P.  CFPU+P.  CNF'U+F1.  CDPII+P.  CSPU 
P.TT70CF  ==  TT7  0 1  □C+F’. CFPU/P . CPU 
P.TT70CN  ==  TTZOIDC+P.CNPU/P.CPU 
P.TT70CD  ==  TT^QmC+P.CDPU/P.CPU 
P.TT70CS  ==  TT70IOC+P.  CSPU/P.  CPU 
P.CFPP  ==  P. CFPU-P. TT70CF 
P.CNPR  ==  P. CNPU-P. TT70CN 
P.CHPP  ==  P. CDPU-P. TT70CD 
P.CSPR  ==  P. CSPU-P. TT70CS 
Cin  ==  CFPR+CNPP+CBPR+CSPR 

P.  IM  ==  CP.  IRM+CO.  0679+0.  08 06+DLT5 0>  +P .  INFO  +1850 0/18878 

P.  I C  ==  CCR1+CR8+  CGSH68-QSH73)  +CR6+0SH73+  CCR3+CR4+  CD3H68- 
©$H73> +CR7+QSH73) +QLT5 0+CA5+©67> +P.  ITDTRL 

P.IPID  ==  186. 11+P. ICR/1000 

P.GPHS  ==  P.CPS70+0. 105+1 316/4340+1518/1  373-0. 104+TT70IDG 

P.SNTC  ==  P.CRS70+0. 161  +  1 438  -'7380+ 1648/1 353-0.  113+TT70IOG 

P. GHEC  ==  P. CRS70+0. 577+61 76/881 50+74 05 /6938-0. 507+TT70IDG 

P.GSBfl  *=  C17+P.BRO/1 000+99. 87+P.BRD/l 000) +3430/9619+4087/ 
3887-0. 876+TT70IDG 

P.GIO  ==  P. GPHS+P. GNTC+p. GHEC+P. 6SBR 

I  M  V  0 1  =  CF8 0 0+CF8  0 1 +X I DME+CF8 08+GQT5  0+CF8  03+067 

I NV02  =  C2804+CZ805+ <1 -067SH) +CZ81 3+QSH73+C2806+Q673H+ C 
P . X I DCP-P . X I OOP  C- 1 ) >  +  CCZ8 07+  Cl -G67SH) +CZ8 08+QSH73) +P . X I DCP+ < 
CZ809+CZ81 0+  C1-067SH) +CZ818+0SH73) +OOT50 

INV03  =  CX809+CX81 0+ C03H68-QSH73) +CX81 1+0SH73+ CCX818+CX813+ 
CiH-.S)  +P.  XIDDI+  CCX21 4+CX8 1 5+QSH68)  +QQT50 


501:  INV04  *  CF£  1 3+CF£  1 4*X  I DGR+CF£  1 5*0C!T5 0 

502:  INV05  =  CF£ 1 6+CF£ 1 ?*X I  OEP+CF£ 18^  0<I OEP-X I OEP  < - 1 >  >  +CF£ 1 94QQT5  0 

505:  ETAmD  *  IF  OK  I  ME  (-1)  EG>  0  THEN  ETAMD  Ol)  ELSE  <l-DBfiR01>4 

OK  I ME  O 1 > > ♦ETHMD  <- 1 > 

504:  MDMIDPD  =  EXP<DELTRMD+ZETfiMD4G»T50+LDG<ETflMD>> 

505:  BRESID06  =  CY1+CY£4  <1-QSH68>  +CY3*  <1-0SH68> ♦  (XIOMB-XIDMB  Ol)  >  + 

CCY4+CY54  <1-QSH68>  )  ♦  <X  I DMB-MDM I DPD>  +CY6»RESID06  Ol  >  +C  Y7» 

RES I D  06  0£> +CY8»Q74 

506:  RES ID 06  =  IF  BRESID06/XIDMB  GT  0.08  THEN  0. 08»XIDMB  ELSE  <IF 

BRES I D 06 'X I OMB  LT  -0.08  THEN  <-0. 08> ♦XIDMB  ELSE  BRESID06) 

507:  INV06  ==  RES I D 06+MDM I DPD 

508:  INV07  =  CF££4+CF££5*XI0CH 

50*:  I  MV  02  ■  CG!££7+C©££9»G>C'T50+CG£30*  (.XIDFP-XIDFP  ol>  >  +C023J  *©67 

51 0:  I MV 09  «  CF£30+CF£31#XIDPfl+CF£3£4 CXIOPR-XIOPR  Ol) ) +CF£33*OOT50 

511:  IMV10  =  CT£34+CT£354XIDCM+CT£3?4QG'T50+CT£384Q73+CT£394C!75 

512:  B.INV11  **  CF£38+CF£39*XI0S6+CF£404<CRND70-CPND70Ol>>+CF£4l4 

OOT50 

313:  I  MV 1 1  =  IF  B.JNV11  LT  OO.D^XIOSG  THEN  OO. 1) ♦XIOSG  ELSE  < 

IF  B. I  MV 11  GT  0. 1 ♦XIOSG  THEN  0. 1 ♦XIOSG  ELSE  B.INV11> 

514:  B . I  MV 1 £  «■  CF£43+CF£444X 1 0PF+CF£45»  <X I OPF-X I DPF o  1  >  >  +CF£46» 

G!69 

515:  I MV 1  £  =  IF  B. INV1£  GT  0. G39»XIDPF  THEN  0. 039^X1 DPF  ELSE  <IF 

B.INV12  LT  OO.  047)4XIDPF  THEN  00.  047) ♦XIOPF  ELSE  B.  INV1£) 

516:  I MV 1 3  =  CF300+CF301»XIDNC+CF303»QOT50+0*Q67 

517:  UNFINC  *  OR  1 +CR9*  <©SH68-©SH73>  +CP3*  CXIOCM-XIDCM  01>>  ♦CP54JPW9 

+CP7*OSH73+CR84G'FVP 

518:  OTMERCDN  *  CCR1+CCR£4XI0CN*CCR5»©FYP 

519:  PESID14  *  CD1+CD£» <QSH68-QSH73> +CD3*QSH?3+ CCD4+CD5* <©SH68- 

OSH73>> ♦ <X I OCN-X I DON Ol  >  > ♦CD74QSH684©©T50+CD8»Q73 

5£0:  INV14  **  UNFINC+0THEPCDN+RESID14 

5£1 :  RESID15  *  CC 1 +CC£4 <X I OfiG-X I DOG 0 1  >  >  +CC3* JPS9+CC5* JPH9+CC64073 
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I NV 1 3  «*  RESIDlS+ftOLVR 


5££: 

5£3: 

524: 

535: 

526: 

527: 

528: 

529: 

530: 


531: 


1 NV 1 6  *  CF259+CF26  0+XI 0TC+CF26 1 ♦ <X I DTC-X I DTC  <- 1 > >  +CF262+QT5  0 

B.  1NV17  *=  eF263+CF£64+XIEJDT+CF265+<XI0DT-XinDT<-l>>+CF£66+ 
QT50 

I  NV  1 7  =  IF  B.INV17  GT  0.  053+XIDDT  THEN  0. 053+XIDDT  ELSE  CIF 
B.INV17  LT  <-0.  019>  ♦XIDDT  THEN  OO.  019> ♦XIOI'T  ELSE  B.  INV17) 

INV18  =  CF267+CF268+XI0DB+CF269+  CXIDDB-XIDDB <-l>  )  +CF270+QQT50 

FRES  ==  I NV 0 1  + 1 NV  0£+ 1 NV  03+ 1 NV  04+ 1 NV  05+ 1 NV  06+ 1 NV  07+ 1 NV  08+ 1 N V  09 
+ 1  NV  1  0+ 1  NV  1 1  + 1  NV  1  £+ 1  NV  13+1  NV  14+1  NV  1 5+ 1  NV  1 6+ 1  NV  17+1  NV  1 8 

NMPRES-ftBLVR  =  CF4  0 0+CF4  0 1  ♦  fFRES-HDL  VP)  +CF402+CSH69+CF403+Q73 

F01  ==  0. 00139+CDPP+0. 0206+GPHS+0. 0197+6NTC+0. 0015+GHEC+ 

0. 1809+GSBft-O. 3705+MRPP+0. 457857+ERPR 

F 0£  ——  0.  08356+CSPR+  0. 1865+5PHS+0.  2405+6NTC+0.  0345+GHEC+ 

0. 0458+6SBH-0. 110821 +MRPR+0. 05657 1+ERPP 

F03  «  0. 03857+C SPR+0. 0634+GPHS+0. 0914+GNTC+0. 013+GHEC+0. 0173 
♦GSBfl-O. 033£  09+MRPR+ 0 . 269286+ERPR 

F04  «*  0. 02938+CSPR+0. 0063+GPHS+0. 0088+GNTC+0. 0013+GHEC+ 

0. 0018+GSBP+0. 003429+ERPR 

F  05  ==  0. 40955+CSPR+0. 1483+GPHS+O. 098+GNTC+0. 0438+GHEC+0. 0446 
♦GSBR+ 0 . 0  03286+ERPR 


534:  F 06  *=  0. 49£78+CHPR+0.  073+GPHS+0. 1506+GNTC+0. 0278+GHEC+0. £6£6 

♦GSBfl- 1 ♦MMPR+ 1 +EMPR+ 0 . 95+ 1 M+  0 . 483+ 1 R 1 0 

535:  F07  ==  0.£91 09+CSPR+0. 061 1 +GPHS+0. 0833+GNTC+0. 0758+GHEC+ 

0. 1373+GSB8-0. 305224+MRPR+0. 067429+ERPR 

536:  F08  ==  0. 30708+CDPP+0. 0888+GPHS+0. 027+GNTC+0. 0197+6HEC+0. 0553 

♦GSBft-O. 1011 19+MRPR+O. 1 1+ERPR 

537:  F09  ==  0. 0151+6PHS+0. 0044+GNTC+0. 0034+GHEC+0. 0093+GSBB- 

0. 045522+MRPR+0. 017571+ERPR 

538:  FI  0  ==  0.  Oc'889+CDPP+O.  0412+GPHS+0.  013£+6NTC+0.  0094+GHEC+ 

0. 0245+GSBA-0. 01 0S21+MRPR+0. 005143+ERPR 

539:  FI 1  **  0.79273+CNPR+0. 0603+GPHS+0. 027+GNTC+0. 0856+6HEC+0. 0395 

♦GSBfl-0. 980901 +MCPR+  0 . 960422+ECPR 

540:  Fl£  «*  0. 5245+CFPR+O. 027+GPHS+0. 0124+6NTC+0. 3619+GHEC+O. 01 14+ 

GSBP-0 . 74325 1+MFPR+  0.5121 29+EFPR 
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FI  3  a*  0. 12507*CNPR+0.  06424t3PHS40.  0614»6NTC+0.  05224GHEC4 
0. 01 05*G5Bfl-0. 0184964MCPR-0. 0175374MPPR40. 0316624ECPR+ 

0. 0048574ERPR 


F14  ==  1MO0.494MPID 

FI  5  ==  0.35088*CFPP+0. 0891*5HEC-0. 2567494MFPP-14MGPR40. 487871 
♦EFPP 

F16  ==  0.  OS 0 064CFPR+ 0 .  01 157*CNPR+0.  0661S*CSPR+0.  07458*CDPR+ 

0. 0904*6PHS+0. 0953»GHTC+0. 03684GHEC+0. 0622*GSBfl+0. 0394 I M+ 

0. 0 1 9* I R I 0 

FI 7  ==  0.1 04954CFPP+0.  07064CNPR40.  081 73*CSPP+0.  09528»CDPR+ 

0.  07384GPHS+0.  06654GNTC+0. 1 1 1346HEC+0.  09724GSBR+0.  01 1MM+ 

0. 0054 IRID 

F18  ==  0. 0298 1 4CFPR+  0 . 03346HEC-0. 0006034MCPR-0. 0052244MRPR+ 

0. 00791 84ECPR+0. 004571 4ERPR 

G01  ==  XIDME-ftOl 014XIDME— 801 024XIDCP-A01 034X1001-801 044XI0G8- 
8  0 1 054X I DEP- A  0 1 064X I DMB-fl 01074X1 DCH-A  01084X1 DFP-8  0 1094X1 DPR- 
9011 04X I DCM-8  0111 4X 1 DSG-8 0 1124X1 DPF-8  01134X1 ONC-R 0 1144X1 OCN- 
9011 54X I D9G-9  0 1 1 64X 1 □TC-9  ft 1 1 74X 1 DDT-8 0 1184X1 DOB 

G 02  *»  XI DCF-9 02 0 14X1 0 ME -ft  08024X I DC  P-9  02 034X I DD I -8  02  044X I DG8- 
8  02 054X I DEP-8  02  064X I OMB-R 02  074X 1 DCH-8  02  084X I DFP-8  02  094X I DPR- 

8  02 1  04X 1 DCM-8  02 1 1 4X 1 OSG-8  02 124X1  O^F-R  02 1 34X I ONC-R  02 1 44X I  OCN- 

9  02 1 54 X I D9G-802 1 64X I DTC-802 1 74X 1 DDT-8  02 1 84X I  DDE 

5 0  3  ==  X I DO I -8  03 0 1 4X I OME-R03 02*X I DCP-8  03 034X I DD I -8  03 044X I DG8- 
8  03 054X I DEP-8  03 064X I DMB-fl  03 074X 1 DCH-fl  03  084X I DFP-8 03 094X I DP8- 
8  03 1 04X I DCM-8  03 114X1 OSG-803 1 24X I DPF-8 03 1 3*X I DNC-fl 03 1 4*X I OCN- 
8  0 3 1 54 X 1 08G-8 03 1 84V IDTC-8 03 1 74X I DDT-8  03 184X1 DDE 

G  04  ==  XI DG8-8 04  0 1 4X IDME-804024XI DCP-8  04  034X I DD I -8  04  044X I DGR- 
8  04 054X I OEP-804  084X I DME-8 04  0?4X 1 DCH-8  04  084X I DFP-8  04  094X1 DPR- 
8  04 104X1 DCM-8  04 114X1 OSG-R 041 £4X1 DPF-8 04 1 34X I ONC-R  04 1 4 4X I OCN- 
8 04 1 54X I D8G-804 1 84X I OTC-804 174X1 DDT-8 04 1 84X I  DDE 

G 05  a =  XI DEP-8 05 014X1 DME-8 05 0£4XI DCP-8 05 03*X I DD I -8 05 044X 1 0G8- 
8  05 054X I DEP-8  05 064X1 DMB-8 05 074X1 DCH-8  05084X1 DFP-8  05  094X1 0P8- 
805 1 04X I OCM-805 1 1 4X I DSG-8  05 1 £4X I DPF-8 05 1 34X I ONC-8 05 1 44X I DCH- 
805154XID8G-805164XIDTC-P05174XIDDT-805184XIDDE 

G06  *a  X 1 OME-8 06 0 1 4X I OME-8 06 0£4X I DCP— 8 06  03*X I DD I -8 08 044X I DGR- 
8  06  054X I DEP-fl  06  064X I DME-8  06  074X I DCH-R06  084X I DFP-8  06094X I DP8- 
8061 04X I DCM-8  06 1 1 4X I DSG-8  06 1 £4X I DPF-8  06134X1 DNC-R  06 1 44X 1 DCH- 
8  06 1 54 X 1 08G-8 06 1 64X I DTC-806 1 ?4X I DDT-8  06184X1 DDE 
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GO?  ==  x I OCH— A  07  0 1 ♦ X I DME-R  0?  0£4X I DCP-R  0?  03*X  I DD I —ft  07  Q44X I 06R- 
A07054XIDEP-A0?064XIDMB-A07074XIDCH-A07084XIOFP-fin?094XIDPA- 
R  07 1  04X  I DCM-R  07 114X1 D3G-A  07 1  £4X  I DPF-R  07 1 3*X  I ONC-A  07 144X1  OCN- 
R  07 1 5  *X I DRG-R  07 1 64X I DTC-R  0? 1 74X I DDT-R  07184X1 DDE 

608  ==  XIOFP-A080l4XIDME-A030£4XIOCP-R08034XIDDI-A0S044XIO6A- 
A03054XIOEP-A08064XIOMB-A08074XIDCH-A08084XIDPP-A08094XIOPR- 
R  03 1 04X I DCM-R 0811 ♦X I DSG-R 08 1 £4X I OPF-R  08 1 34X I DNC-R  08 1 4#X 1 DCN- 
R  08 1 54X  I DAG- A  08 1  p+'A  1 OTC-R  081 74X  I ODT-R  08 1 8»X  I  ODE 

6 09  ==  XI DPR-R 090 1 ♦X I OME-R  09  0£*X I OCP-R  09  03*X I OD I -R  09  044X I 06A- 
R  09054X I DEP-R  09  06»X I DMB-R09 07*X I DCH-R  09  08*X 1 DFP-R 09  09+X I DPA- 
R  09 1 04X I DCM-R  09 1 1 »X I DSG-R  091 £4X I DPF-R  09 1 34X I ONC-A  09 1 44X I OCN- 
R  09 1 54X 1 DRG-R  09 1 64X I DTC-R 09 174X1 DDT-R  09 1 84X I DOB 

61 0  ==  XIDCM-R1 0014XIDME— A1 00£4XIDCP— fll 0034XIDDI-A1 004*XIDGR- 
R1 0 05^X1 DEP-R 1 0064XI0MB-A1 0074XIDCH-A1 008»XIDFP-Rl 0094XIDPA- 
R1 01 04 XI DCM-R 1 01 1 ♦XIDSG-R1 01£*XIDPF-R1 0134XIDNC-A1 0144XIDCN- 
R 1 0 1 5»X I ORG-fi 1 0 1 6*X I DTC-R 1 0 1 74X I DDT-fi 1 0 1 8 *X I  DOB 

611  ==  XI DSG-R 1 1 01 ♦XIDME-R1 1 0£4XI0CP-A1 1 034XIDDI-A1 1 044XIDGR- 
R 1 1  05 4 X I DEP-R 1 1 064X I DMB-R 1 1 0?4X I DCH-R 1 1 08^X I DFP-R 1 1 094X I OPA- 
R 1 1 1 04X I QCM- A 1 1 1 1 4X I DSG-R 1 1 1 £4X I QPF-R 1 1 1 34X I  DNC-R  11144X1 OCN- 
R 1 1 1 54X I DRG-R 1 1 1 64X I DTC-R 11174X1 DBT-R 1 1 1 84X I DDE 

G 1  £  ==  X I DPF-R 1 £  0 1 4X I DME-R 1 £  0£*X I DCP-R 1  £ 034X I DD I -R 1  £  044X I DGfl- 
R 1  £ 054 X I DEP-R 1 £  0*4X I DMB-R 1 £ 074X I DCH-R 1  £  084X I DFP-R 1 £094X I DPR- 
R 1  £ 1 04X I DCM-R 1  £ 1 1 4X 1 DSG-R 1  £ 1 £4X I DPF-R 1 £ 1 34X I DNC-R 1 £ 1 44X I DCN- 
R 1  £  1 54 X I DRG-R 1 £ 1 64X I DTC-R 12174X1 DDT-R 1 £ 1 84X I  DOB 

6 1 3  ==  X I DNC-R 1 3 0 1 4X I DME-R 1 3 0£4X I DCP-R 1 3  034X 1 00 1 -R 1 3  044X 1 03R- 
R 1 3 054X I DEP-R 1 3  064X I DMB-R 1 3 074X I DCH-R 1 3 084X I DFP-fl 1 3 094X I DPR- 
R 1 3 1 04X I DCM-R 1311 *X I DSG-R 1 3 1 £4X I DPF-R1 3 1 3*X I DNC-R 1 3 1 44X I DCN- 
R 1 3 1 5* X I DRG-R 1 3 1 64X I DTC-R 1 3 1 7*X I DDT-R 13134X1  DDE 

G 1 4  ==  X I OCN-R 1401 4X I DME-R 14 0£4X I DCP-R 1 4  034X I DD I -R 1 4  044X I DGR- 
R 1 4  054X I DEP-R 1 4  064X I DMB-R 1 4  074X I DCH-R 1 4084X I DFP-R 1 4  094X I DPR- 
R 1 4 1 04X I DCM-R 1 4 1 1 4X I 0S6-R 1 4 1 £4X I DPF-R 1 4 1 34X I DNC-R 14144X1 DCN- 
R 1 4 1 54 X I  DRG-R  1 4 1  €>X  I  DTC-R  14174X1  DDT-R  14184X1  DDE 

6 1 5  ==  XI DRG-R 15014X1 DME-R 1 5  0£4X I DCP-R 1 5  034X I DD I -A 1 5 044X I DGR- 
R 1 5  05 ♦  X I  DEP-R  1 5  064 X 1  DMB-R  1 5  074X I  DCH-R  1 5 084X I  DFP-R  1 5  094X I  DPfl- 
R 1 5 1 04  X I DCM-R 1 5 1 1 4X I DS6-R 1 5 1 £4X I DPF-R 1 5 1 34X I DNC-R 1 5 1 4*X I DCN- 
R 1 5 1 54X I DRG-R 1 5 1 84 X I OTC-R 1 5 1 74X I DDT-R 1 5 1 84X I DDE 

616  =  =  X I DTC-R 1 6  0 1 4X I DME-R 1 6  0£4X I DCP-R 1 6  03*X I DO I -A 1 6044X I DG A- 
R 1 6  054X I DEP-R 1 6  064X I DME-R 1 6 074X I DCH-R 1 6  084X I DFP-R 1 6 094X I DPR - 
R 1 6 1 04X I DCM-R 1 6 1 1 »X I DSG-R 1 6 1 £4X I DPF -R 1 61 34X I DNC-R 16144X1 DCN - 
R 161 54X1 DRG-R 1 6 1 64X1 DTC-R 1 6 I 74X I DDT-R 16184X1 DDE 


J>  X'  X  'ji 


jK_i 


5*7: 

5*8: 

5*9: 

570: 

571: 


574: 


57*: 

577: 

578: 


579: 


58  ll 


<517  ==  X I OUT -8 1 7  0 1 *X I DME-R 1 7  0£*X  1  DCP-8  1703*XIDDI-81704*XIDG8- 
81705^X1 DEP-8 1 7  0*»X I DMB-8 1 7  07*X 1 DCH-8 1 7  08»X I OFp-ft 1 7  09»X 1 OPR- 
8171  (•♦XI DCM-81 7 1 1  *X  I DSG-R 1 7 1  £^X  I OPF  -8 1 7 1 3^X  I ONC  -8 1 7 1 4*X  I  DON- 
817 1  5»X I 08G -R 1 7 1 6+X I DTC-81 7 1 7*X I0DT-R171 8»X 1  DOB 

1 8  ==  X I DDB-8 1801 ♦X I DME-8 1 3 0£*X I DCP-8 1 8  03*X I OD I -8 1 8  04*X 1 DGR - 
1  8  05* X I QEP-8 1 8  0**X  I  DME-8 1 8  07*X  I OCH-8 1 8  08*X  I DFP-8 1 8  09#X  I  DF'R- 
1 3 1 0»X I DCM-8 1 8 1 X*X I DSG-8 1 8 1 £♦* I DPF-8 1 8 1 3»X I DNC-8 1 8 1 4+X I  DON- 
1 8 1 5+X I D8G-8 1 8 1 6*X I DTC-8 1 8 1 7»X I DHT-R 1 8 1 8»X I DOB 

Z88  —  G  0£-F 02-1 NV  0£ 

Z£3  =  G  0 3 -F  03- 1 N V  03 

Z£4  =  6  04— F 04- 1 NV  04 

Z01  *  G01-F01-INV01 

Z  03  =  G  06-F  06-PES I B  0*-MDM I  HPIi 

Z07  =  G  07— F 07-1 NV 07 

Z  03  =  G  08— e  03- 1  NV  08 

209  =  G09-F09-INV09 

Z10  =  61 O-Fl 0-INV1 0 

Zll  =  G11-F11-INV11 

Z1  8  =  G 1  c'-F  1  £—  I  NV  1  £ 

Z14  =  G 1 4-F 1 4-UNF I NC -DTHEPCDN-RES I PI 4 
Z15  *  G 1 5-F 1 5-RES 1 B 1 5-8DL. VP 

0  =  WSUM  J*8£ 1 /WW£ 1 ♦♦£♦ (CFPR-P. CFPR>-L£0-L1£»0. 5£45-L15» 

0. 3£08S-L1*»0. 0£00*-L17#0. 10495-L18»0. 0£961 

0  *  WSUMJ*8££-  ««££♦♦£♦ CCNPR-P. CNPR> -L£0-L 1 1 ♦O. 79£73-L 1 3» 

0. 1£507-L16»0. 01 157-L17»0. 070* 

0  *  MiUMJ*8£3/t*M£3t»#£»(CDPP-P.CDPP'-L£0-L01»0.  00139-L0*» 

0. 49£?3-L 08*0. 30708-L1 0*0. 0£889-L16»0. 07458-L17*0. 095£8 

0  *  MSUMJ^8£4/!,IM£4^»£» CCSPR-P. CSPR> -L£0-L0£»0.  0835*-L03» 

0.  03857-L 04*0.  0£938-L05*0. 40955-L07*0. £91 09-L16#0. 0661£-L17* 
0. 03173 
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582 


1 


0  *  WSUMJ*R£5/WW£5**£*<GPHS-P.GPHS>-L£0-L01*0.  0£06-L0£*0. 1665 
-L03*0. 0634-L04*0. 0063-L05*0. 14S3-L06*0. 0?3-L07*0. 061 1-L08* 

0. 0888-L  09*0. 0151-L10*0. 0412-L11*0. 0603-Ll£*0. 02?-L13*0. 0642- 
L16*0. 0904— LI?* 0. 0738 

583:  0  *  MSUMJ*R26',Wt»l£6**£*  <6NTC-P.  GNTC>  -L20— L01*0.  0197-L02*0.  £405 

-L03*0. 0914-L04*0. 0088-L 05*0. 098-L06*0. 1506-L07*0. 0833-L08* 

0. 0£7-L 09*0. 0044 -LI  0*0. 013£-L11*0. 0£?-Ll£*0. Ql£4-L13*0. 0614- 
L 1 6*  0 . 0958— L 17*0. 0665 

584 :  0  =  W S UHJ*  R 2 7  ^  W  W£ 7 ♦♦£♦ <  GHEC-P . GHEC) -L£ 0-L 0 1 ♦ 0 . 0  0 1 5-L  02* 0 . 0345 

-L03*0. 013-L04*0. 001 3-L 05*0. 0438-L06*0. 02?8-L0?*0. 0758-L08* 

0. 0197-L09*0. 0034— LI  0*0. 0094-L11*0. 0856-Ll£*0. 3619-L13*0. 05££ 
-LI 5*0. 0891 -LI 6*0. 0368-Ll?*0. 1 1 13-Ll8*0. 033 

585:  0  =  WSUMJ*R£S/WW£8**2*<GSBR-P.GSER>-L£0-L01*0. 1809-L0£*0.  0458 

-L 03*0. 01 73-L04*0. 0018-L05*0. 0446-L 06*0. £6£6-L 07*0. 1373-L08* 
0. 0553-L09*0. 0093-L10*0. 0£45-Lll*0. 0395-Ll£*0. 01 14-L13*0.  0105 
— L16*0. 062£-L17*0. 0972 

536:  0  *  l,ISUMJ*R29/W(,t29**£*<ERPP-P.ERPP>-L£0-L01*0.457857-L0£* 

0. 056571-L 03*0. £69£86-L 04*0. 0034£9-L05*0. 003£86-L0?*0. 067429- 
L08*0. 1 1-L09*0. 01 7571-L1 0*0. 005J43-L13*0. 004857-Ll8*0. 004571 

587:  0  *  W5UMJ*R30-'WM30**£*  (EFPR-P .  EFPR>  -L20-L1£*0.  512129-L15* 

0.487871 

538:  0  «  WSUMJ*R31  •'WW31  ♦♦£♦  <ECPP-P.  ECPP>  -L£0-L  11*0.  9604££-L  1 3* 

0. 03166£-L18*0. 007916 

589:  0  =  WSUMJ*R3£/'WW32**£*<EMPR-P.EMPR>-L£0-L06 

590:  0  ■  WSUMJ*R33'/WM33**£*  <MRPR-P.  MRPR>  +L20+L  01  *0.  3705+L  0£* 

0.11 082 1+L 03*0.  0332 09+L 07*0. 3052£4+L08*0. 1 01 1 19+L09*0. 0455££+ 
L 1 0*  0 . 0 1 08£ 1 +L 1 3*  0 . 03 1 662+L 1 8*  0 . 0  05££4 

591 :  0  =  M3UM  J*R34x'WW34**£*  CMMPP-P.  MMPP)  +L20+L  06 

592 :  0  =  WSUM J*R35^WW35**£* <MFPR-P.MFPR>+L£0+L 12*0. 74325 l+L 15* 

0.256749 

593:  0  *  MSUMJ*R36^WW36**£*<MCPR-P.MCPR>*L£0+L1 1*0.9S091+L13* 

r).  018496+L18*0.  000603 

594:  0  *  WSUMJ*R3?^WW37**£* CMGPP-P. MGPP) +L20+L15 

595*  0  «  WSUMJ*R38/'WW38**£*<IM-P.  IM> -L£ 0-L 06*0. 95-L1 6*0.  039-L17* 

0.  011 

596:  0  ■  USUI*U*R39/'Ml>!39**£* < I C-P.  1  C>  -L£0— L 1 4 
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0  =  MSUMJ+A40''I.IU40++£+<IPIO-P.  IRID>  — L£0— L06+0.  483— LI 4+0.  494- 
L  !€■♦(•.  01 9— L 1 7+  0 .  0  05 


0  =  WSUMI^AOl  .'''I.IOI  ♦♦£♦  CXIDME— P.  XIOME)  +L01+L£0—  <L£0+L01>  ♦ROl  01- 
<L£0+L0£) +A0201- <L£0+L03> ♦A0301- <L£0+L04> +A0401- <L£0+L05) ♦ 

A  05  0 1  -  vLc! 0+L  Of.  )  ♦A  06 0 1  -  <L£ 0+L  07>  +A 0? 0 1  -  <L£ 0+L  08.)  +A  08 0 1  -  < L£ 0+ 

L  09 > ♦ A  0?  0 1 - <L£ 0+L 1 0> +A 1 0  0 1 - <L£  0+L 11) +A 1101- <L£ 0+L 1 £  >  +A 1  £  0 1 - < 

L £  0+L  1  3 )  +A 1 3  0 1  -  <L£  0+L  1 4 >  ♦  A 1 4  0 1  -  <L£  0+L  1 5)  ♦« 1 5  0 1 - <L£ 0+L  1 6)  ♦ 

A 1 6  0 1  -  <■  L£  0+L  1 7 )  ♦.  A 1701-  <L£ 0+L  1 8)  ♦  A 1 8 0 1  -  <L£ 0+L  0 1  )  ♦CF £  0 1 

5  ?  ? :  0  =  M  SUM  I +A  0£  •  l.i  02++2+  <Y.  I  E3CP-P .  X I OCP)  +L  0£+L£  0-  <L£  0+L  0 1  >  ♦  A  0 1 0£- 

<L£0+L0£) ♦A0£0£- CL£0+L03> +A0308— <L£0+L04> +A0402- <L£0+L05) ♦ 

A 0502- CL£0+L 06) +A0602- <L£0+L07)  +A0702- <L£0+L08> ♦AOSO £- CL£0+ 
L0?> ♦AO?  0£- CL£  0+L 1 0) +A1 00£- <L£0+L1 1 > +A1 1 0£- (L£0+L1£> ♦A1£0£- < 
L£  0+L  1  3.)  +A 1  3  02-  <L£  0+L  1 4) +A 1 4  0£-  <L£  0+L  1 5) +A 1 502-  <L£  0+L  16)  ♦ 
A1602- <  L£  0+L 1 ?> +A 1 7  02- CL20+L18) +A1802- CL20+L02) ♦ <CF£05+CF£06> 
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CFPIJ  ==  C  FPP+TT70 1 OC+CFPP ."C  I D 

CNPU  ==  CNPP+TT7  01 OC+CNPP/CI D 

Cnc'U  ==  CDPP+TT7 0 1  OC+CDPP/'C  I D 

C'SPU  *=  CSPP+TT7  0 1 DC+C3PP/C 1 D 


CPF 70  =  CFPIJ/ 1. 01433 


CPNP70  *  CNPIJ/0. 91868 
CPD70  =  CDPU/ 0.95651 
CP 37 05  ==  CSPIJ/0. 14305 

CP 37  0  =  CP 37 05+NM5+ 1 £8£. 83+ 1 . 00  0 0 0  OE- 06 
CP 70  =  CPND70+CPF70+CPD70+CPS70 
EOD  =  P. BRO/P. GSBR+5SBR 

EPD  =  1 000/99. £7+ < <GSBO+0. £76+TT70IOG>  +9619/3430+3£87/40£7-17 
♦BOD/1 000) 
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EPM  ==  ERPR»PREX94PTX9/9F>4733/7000 


l:  i-  c>  • 
t*C  I'  • 

•=■£•9: 
€.30: 
€-3 1 : 
332: 


334: 


335: 


3 


339: 
34  0: 
34 1: 
34£-: 
34  3: 
644: 
345: 
343: 

347: 
343: 
64  9: 
350: 


EMM  ==  EMPR4PREX9»PTX9/97»1351. 1/1856 
EFM  ==  EFPR»PREX9»PTX9/9?#815.6/742 
ECM  ==  ECPP4PREX94PTX9/974933. 4/758 
ETM  =  <ERM+EMM+EFM+ECM>  M  000 
ETW70  =  1 . 5»  <1 OO^ETW) / CPPEX94PTX9> 

MPPU  ==  MRPR»255S/2591/ a-l/P. MPU*TT?0IOM/0. 9453) 

MMPU  ==  MMPR^l 3 12/1793/ < 1-1/P. MPU*TT?0IDM/0. 9456> 
ncrp,j  *a  MFPPM714.5'1741/ (1-1/P.  MPU*TT70IDM/(i.  9456;- 
MCPU  ==  MCPF>4786/4808/ Cl-l/P. MPU*TT70IDM/0. 9456> 

MPM  ==  f1PPU*PREX9*PTM9/94^2043/£37£ 

MMM  **  MMPIJ#PREX9»PTM9/94»£731 . 5/1883.  7 
MFM  ==  mfpij4PREX9»PTM9/94»1  124. 9/1790.  8 
MCM  ==  MCPU*PREX9»PTM9/94#l£09. 3/4998. 7 
M5PDM  =  M'3PR/1 034PWUJM  000»879/793 
MTM  =  •■'riPM+Mrifl+riFri+MCMJ^lOOO+MGPDI.I 
MTW70  =  2»1004MTl.l/<PREX9#PTM9> 

ITOTPL  »  <lC+IM>/0.93 
1CP  *  1R1D»1 000/186. 11 

GEU SUM  =  I T0T8L+C874* I CP+FRES-UHF I NC-DTHEPCDN+C933*Bfta+C934» 
P  R  P + C  9 3 5 /  C 9 3 3 ♦  H  M  D  9 + 1  00*£I'M9/P  I  I.IH70 

IP  =  JR99#IT0TPL 

I  PM  *  P.  IPM/p.  IPMP 

IRC  =  P.  IPC/P.  IfiMFt 

I HP  =  ITDTPL-IP 
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